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LETTER OF TRANSMITTAL. 



Department op the Interior, 

United States Geological Survey, 

Division of Hydrography, 

Washingto7iy D. C , July 31, 1901, 

Sir: I have the honor to transmit herewith a preliminary list of 

deep borings in the United States (400 feet or more in depth), by Mr. 

N. H. Darton, with the request that it be published in the series of 

Water-Supply and Irrigation Pai)ers. 

Very respectfully, 

F. H. Newell, 

Hydrographer in Charge. 
Hon. Charles D. Walcott, 

Director United States Oeological Survey, 



PRELIMINARY LIST OF DEEP BORINGS IN THE UNITED 

STATES. 

PART I.— AliABAMA-MONTANA. 



By N. H. Darton. 



The wells and borings reported in the paper are all more than 400 
feet in depth. The information concerning them has been obtained 
partly from replies to circular letters sent to all parts of the United 
States and partlj^ from geological reports and other published sources. 
Owing to the difficulty of obtaining replies to the circulars, to lack 
of knowledge on the part of corresi)ondents, and to the incomplete- 
ness of published records, doubtless there are borings which have not 
been reported. In regions of oil and gas wells, where borings are 
numerous, the individual wells can not be listed here, but representa- 
tive wells are given. References to logs or records of the wells, or 
extended descriptions of them, are given in footnotes, and after the 
list of wells in each State there isiadded a list of the principal publi- 
cations relating to deep borings in that State. 

The bearing of the information given in the columns of the lists 
probably is apparent, unless, perhaps, in the one headed *' Height to 
which the water rises." In this column an entry such as *'— 45" 
indicates that the water rises to within 45 feet of the surface; ''+45" 
indicates that it is a flowing well and has sufficient head to raise the 
water 45 feet above the surface^ in an open pipe 45 feet or more in 
height. The yield in gallons i)er minute usually is estimated. Depths 
and diameters often have be<»n reported from memory, and diiferent 
sources of publication sometimes give different figures. Most wells 
which are not stated to be '*for oil," ''for gas," "brine," "aban- 
doned," etc., in the remarks column, or "not any" in the yield 
column, generally afford more or less water. Many of the gas and 

oil wells, active or abandoned, yield salt water. 
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DEKP BORINGS IN THE UNITED STATES, PABT I. iNaSI. 



AliABAMA. 



LcK^tiou. 



Annlston 

ArniHtrong 

Birmingham . . . 
Bladeu Siirings 



County. 



Boguechitto Dallas 

Do do 

Bolige«.> Greene. ... 

Do.» do 

Do." ... do 

Do.> do 

Boligee (at Finche's do 

ferry ). » 

Brantley Crennhaw. 

Bughall Bullock ... 

Burton HilP ; Greene .. 

Do. » do 

Do.» do 

Butler Choctaw. 

Cahaba > Dallas 

Cahaba (on river) ' do 

Cahaba (5 miles be- | do 
low).» 

Cahaba' ....do... 

Carpenter Jackson .. 

Cullman Cullman. 

DemoiX)lis Marengo. 

Do i (\n 

Do do... 

Do do 

Demouolis (3 miles do 

south). I 

Demopolis (4 miles do 

nortticast). | 

Dothan Henry 



Epes 

Eutaw* 

Eutaw ( 10 miles 
southwest). ' 

Faunsdale 

Fayette 

Fit^^atrick 

Florence 



Forkland 

Fort Morgan 
Greensboro . 



Do... 

Do 

Greensboro ( 10 miles 
southwest). 

Greenville 

Guntersville 

Hairstou Grooue 

Hanover (?) Coosa... 

Harris i Barbour 

Do do.. 



Sumter 
Greone. 
do.- 



Calhoun . 
Marx>n . . . 
Jefferson 
Choctaw . 



Marengo ... 

Fayette 

Bullock .... 

do 

Lauderdale 



Greene. 
Haie -"; 



Depth. 



Feet. 

400-55^1 

A50 
l.^iOO 



±4a) 

4tiO 
415 

420 

4tiK 

asj 

560 

600 
930 
5U 

4:30 

555 
660 
HAt 
590 
560 

?3H 
400 
700 

ra} 

»50 

HOO 

i.aw 

5(N) 

;u) 

743 
440-550 

700 
500 
900 

i,:«o 

+ 400 

575 

700 
400-WM 



Diam- 
eter. 



Inches. 

8 



6 



Yield 

per 

minute. 



GcMont. 
606 > 



Height 
water. 



Feet. 

- 30 



70 



- 80 
+ 70 



0* 
75 



+ 25 
Flows. 
Flows. 
Flows. 
Flows. 
Plows. 



6 



3 
4 

6i 
3 



80 
»2S0 

i.aoo 



30 



6 
6 



do I 

do I 1,600 

do '450orK50y 



Butler - . 
Marshall 



f4(K) 

1.01 Ni 

5; JO 

480 

00 

m 



12 

10-8 
8-6 



30 
15 
60 

Many. 

Many. 

2U) 



3 



8 



12 



20 
Many. 



Many. 
100 



• '". 



Hartsell' Morgan 



i.r.jo 



o 



+ 20 

+ 12 

Flows. 

+ 52 

- 30 

Flow. 

-160 

+ 14 

- 10 



+ I* 

- 30 

- 30 

- 30 



3 

3(V 



clO 



- 40 



Hatchechubbee Russell 



Hunters Field Dallas , 

Hurtsboro Russell 

Do do 

Do do 

Jennings (3 miles Lawrence., 
southeast).^ 



420 

550 
5.30 
550 
565 
5,120 



8 , No flow. 



5 
4 
3 
3 
6 



70 
tlO 
±11 
±12 



- 18 

- 9 

- 9 



Remarks. 



Several wells. 
Good water. 

Water salt; first flow 
at 200 feet, second 
flow at 600 feet. 

In sec. 8. T. 18, B. 8 E. 

Temp.,68«». 

Temp., 68". 

Temp., 66*. 

Temp.,66i". 

Temp., 70". 

Temp.,71*». 

Gtood flow; 2 wells. 

Unsuccessful. 

Temp.,70*». 

Temp., 76". 

Temp.,73|". 
Temp., 70". 
Two weUs. 

Temp, 771". 
Unsuccessful. 
City well. 
Temp., 64". 



Several wells. 



Temp.,71"-T24"; four 
wells. 



For gas: 
ful. 



unsuccess- 



Several wells; good 
water. 



Two wellb. 
Temp., 60". 
2j[ mues east. 



Abandoned; milky 
water at 140 fe<*t to 
—15 feet. 

1 mile north of town: 
salt water at 352 
and l,r30 feet; gas 
at 602 and 1,094 feet; 
sulphur water at 
160 feet. 

Small supply of 
water at z50 feet. 



Gas, oil, and salt wa- 
ter. 




» Record. Am. Assoc. Adv. Science, Prcic., vol. 10, p. 95. 

'Each. 

'Alabama Geol. Surv., Report on Valley Regions, Part 1, pp. 62-63. 

« Ibid., pp. 61-62. 
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AXjABAMA— Con tinned. 



Location. 



LaneviUe 

Do 

Do 

LarkiiisTille. 

Linden 



Mobile 

Do 

Do 

Do 

Do 

Montgomery 



Newbem 

Newmarket * 

Oneonto 

Boba 

BaasellTille .. 



Saint Elmo 

Selma« 

Do 

Do 

Do 

Do 

Sledges 

Spragne Junction . 

Stewart 

Tank Station 

Town Creek* 

Troy 

Tuskegee 

Do 

Union Springs . . . . 

Do , 

Do 

Do 

Do 

Uniontown 

Do 



Coonty. 



do... 

- ..do.... 
Jackson. 
Marengo. 



Mobile 

do 

do 

do 

do 

Montgomery 



Hale 

Madison . 
Blount . . 
Macon ... 
Franklin 



Mobile 
Dallas. 

do. 

do- 

do. 

do. 



Montgomery. 

Hale ... 

Dallas 

Lawrence 

Pike 

Macon 

do 

Bullock 

do 



....do 

do 

do 

Perry 
do, 



Depth. 



Feet. 
710 
719 
750 
400 
1,198 

700 
786 
800 
800 
860 
6S(M60 



475 
966 
600 
4fiO 
+1,360 

660 
409 
470 
600 
487 
660 
400 
400 
600 
660 
615 

2,700 
600 
760 

1,000 
849i 
848i 
509 
750 
895 

1,195 



Diame- 
ter. 



Indies. 



Yield , Heieht 

I per I or 
I mmute. water. 



OaUont. 



6 



6 
6 



400 

Ifany. 

600 

1,000 



6 974-200 



I 



6 
6 
6 



ao 



230 



4 

8-0 





8 



6-21 

8 



80 

110 

100 

Many. 



90 



8 
8 



Many. 

60 

150 

Many. 

Many. 



aoo 



Feet. 

Plow. 

Flow. 



Flows 



+ 90 



+ 70 



- 60 



+ 4 
Flows. 



+ 
+ 

+ 



1» 
28 
40 
60 
- 75 
+ 8 
+ 35 



-:i40 



-126 
-120 



Bemarks. * 



to 



Temp., 75*. 
Temp., 76*». 
In progress. 
Unsuci'essful. 
Water at 1,(>M» to 1,115 

feet. 
Temp., 76" 
Temp., 78" 
Temp., 76^. 
Tomp, 78°. 

Four wells; origi- 
nally flowed to f ao 
feet 



Good water supply. 
2 miles east; uu.suc- 
cessful. 



Temp., 67 J*. 
Temp, 72*. 

Do. 
Temp.,68<». 
Four wells. 



Temp., 70*. 

Abandoned. 

Unsuccessful. 

Do. 

Do. 



Good wat«r. 
Do. 

Water from 870 feet. 



ARIZONA. 



Ash Fork. 
Aubrey .. 



Drake .... 
Horence . 
Gila Bend 
Baviland. 

Kingman . 



Yavapai 
do... 



Mofaawk 

Dc 

Phoenix 

Do 

Do 

Do 

Pboeniz (12 miles 
west.) 

PJma 

Salford 

Sentinel 

rhatcber 

l^ickenburg, north- 
west of. 

(^inslow 

fuoca 



Mohave . . 

Pinal 

Maricopa 
Mohave . . 

Mohave . . 

Yuma 

do ... 

Maricopa 

do 

do... 

do.... 

do.... 



Graham.. 

do... 

Maricopa 
Graham . . 
Maricopa 



Navajo 
Mohave 



I 



{ 



1,025 

936 

488 

413 

1,300 

600 

900 

1,100 

1,100 

500 

750 

475 

1,420 

1.475 

500 

420 
500 
1,029 
430 
400 

1.700 
534 



10 

12-8 

10 
6 



10 

} 

5M4; 



Nowa 

ter. 
Nowa- 1 

ter. 



Few. ; 



roo 



In volcanic rock. 



In progress. 
Well never u.sed. 



Many, i 

{water.} ' 60 miles north. 

3 wells. 

Abandoned. 

Not completed. 
Unsut^cesaful. 

No good results. 




No flow. 

50 -185 

Few. I No flow. 



No fresh water. 

--335 Si^isf actor y water 
I TOpply. 



> Record, Alabama Geol. Surv.. Beport on Valley Begions, Part l,p. 127. 

* Record, Am. Assoc. Adv. {Science, Proc., vol. 10, pp. 97-98. 

• Record, Pa. 2d Geol. Surv., Report H, p. 2«3. 
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AS.KAN8AS. 





Oooutj. 


Depth. 


Dlame- 


Yield 


water. 


Bemarlu. 


^Ajk^CIt, 


Desha 


f^t. 1 McAw. 


Hanr- 


r«i. 


Teaip..JB'. 








l^ir^^Z ■■::-■ 


StPraoda.. 




kindliiconDtr. 


465 
4e!> 

fi 
"'1 

860 

m 

«M 
MO 


8-tH 


""*& 














"S.:::::: 


No flow 




















feel. 




Garland 

Uttle El™r 


IB 1 Mar,. 








-eo 






« 


13 














Marr. 


Noiil. 






Bebastlau.... 












H^?- 












^r""--;- 






,! 


s 


- 30 








Preaontt (12 miles 

Sis""'::::- 


Nevada 

g;,"-;::::: 

Hempstead- 

Drew 

SoTier 










6 




- av 












BtlOireet 








"60 










Teinp.,CS°. 










■^-f- 


iJj*"-^ - 

















CALIFOBNIA. 



Alhambra,.-... 

Allla' 

Aliso Canyon -. 



wbB!^ 



. Santa Clara.. 



I prosresH. 



rd, Arkaosas UroI. : 



'Cat State Kiniug Bureau, Bnll. N.i. 
«ra. and Santa Barlnra coon tlea, part 
* Beiurd. CaL State MlnluK Bnniao. 1 



1. Oil and Qaa Yielding FormatiouB of Los ADBolen, Vet 

.pp.m-K. 

, „ J(h Kept.. 1881-83, pp. 10^136. 

•CaL SUte UlnlnK Borean, 11th Kept., 1801-8:!, p. 486. 
- Id., l£th BepC, t»3-M, p. W. 
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CAIilFORNIA— Coutinned. 



Location. 



Cedarvillo 

CenterviUe 

Chico-.? 

ChiEo (about ^ miles 
northwest). 

Chittenden 

Clearwater (?) 

Coalingai 



County. 



Modoo 

Alameda.. .. 

Butte 

San Bernar- 
dino. 
Santa Cruz . . 
Los Angeles . 
Fresno 



Crows Landing. 

Cutler SalmonRanch 
Danby i 



Delano 

I>elano(5 miles south- 
west). 

DosPalos 

Downey 

EagleTule 

El Verano* 

Embarcadoro* 

Ethel 



Fairvlew 
Fenner.. 



Fitchburg* 

Flowing well 

Four Forks* 

Fresno 

Oarvanza (west of ) . 

Glendora 

Gmfton 

Orange ville 

Hanford* 

Do 

Irvington 

J. G. James' ranch . . . 

Kentuck 

Kingsburg 

Latfirop Junction ... 

Limekiln Canyon 

Little Sespe District. 
Long Beach 

Los .doigeies^ 



(The 



Stanislaus . . . 
San Joaquin. 
San Bernar- 
dino. 

Kern 

.....do 



Merced 

Los Angeles 

Modoc 

Sonoma 

...do 



Orange 

San Bernar- 
dino. 

Alameda 

San Diego 

Ventura 

Fresno 

Los Angeles . 

do 

Yolo 

Tulare 

Kings 

Alameda 

Fresno 



Ventura 

Fresno 

San Joaquin . 
Tulare (?;.... 

Ventura 

T/os Angeles . 
.....do 



do 
do 
do 



LoH Angeles 

Ivanhoe).' 
Los Angeles (United 

States Hotel).* 
Loft Angeles (Stewart j do 

and McFarland).!^ I 
Lrjs Angeles (Ange- do 

Una Heigh to )>* i 
Los Angeles (Boyle do 

Hcighte). 
Los Angeles (Dr. 

Long's ranch). 
Los Angeles (Look- 
out Mountain). 
Los Angeles (few 

miles southeast). 
Los Angeles (4 miles 

northwest).*' 



do 

....do 
...do 
...do 



Depth. 



Feet. 
433 
442 
646 
600 

800 

465 

40a-«60 



406 

1.2fS0 

630 

718 

823 

442-550 
412 
50;} 
544 
405 
442 

450 

800 

40(^-500 

±400 

70(M, 100 

575 

985 

2,038 

450 

980 

500-800 

1,300 

450 

600-800 

700-73r) 
600 
1.420 
500 
805 
500 
460 
450-1,300 

+1,000 

+ 900 

1,485 

1.18H 

600 

500 

550 



Diame- 
ter. 



Yield 

J?er 
nute. 



Inches. \Oallont. 



820 



Several 



Many. 



8 

7-4 

10 

15 



50 
3,470 



Heiffht 

of 
water. 



Feet. 

No flow. 

Flows. 

No flow. 



Flow8(?) 

Flows. 
- 3 



2 
4i 



60 



10 Many. 



10 
1-12 



Many. 
1,000 



No flow. 
+ 15 
To sur- 
face. 



54 
6 
7 
9-7 



7-8 



8 
9-7 



Many. 



100-400 



Flows. 



-300 
No flow. 



No flow. 



-.10 
Flow. 



Flows. 
+ 3 



I 



No flow. 
Flows. 



1.100 
Many. 



Flows. 
Flows. 



Remarks. 



Al)andone<l. 

For oil. 

Numerous oil wolls 
in two groups, one 
3 miles went, the 
othor9miloH north. 

Gas well. 



Several wolls. 



Several woll.s. 
Several oil wells. 
For oil; unsu'-fessful. 

NumorrtuM wells. 



Several wolls. Temp., 

60«. 
Several oil w».»ll.s. 



Gas well. 
Oil well. 
Do. 



Numerous oil wells, 
some abandoned. 

Small supply of oil, 
abandoned. 

Gas at 000 foot. 

For oil; unsuccessful. 

For oil or ga.s; nlwin- 

doned. 
For oil; unsuccos.sful. 



Small supply of 
aliandoned. 
Do. 



oil; 



Gas well. 

Small supply of oil. 



1 Analysis, Ol. State Minin»r Bureau, 12th Rept., 18S.)-»4, pp. .m^m. 
« Record, C^l. State Mining Bureau, 11th Rept., 1891-92, p. 457. 
•Record, ibid., p. 457. 

* CaL State Mining Bureau, 11th Rept., 1891-92, p. 134 

* Id., Bull. No. 11, Oil and Gas Yielding Formations of Los Angelen, Ventura, and Santa Barbara 
counties, part 1, p. 27. 

•Cal. State Mining Bureau. 11th Rept, 1891-92, p. 489. 

' Cal. State Mining Bureau, Bull. No. 11, Oil and Gas Yielding Formiitions of T^os Angeles, Ven- 
tura, and Santa Baroara counties, part 1. pp. 14-17. 
«" Ibid., p. 14. 
•Ibid., p. 17. 

1 Cal. Stete Mining Bureau, 7th Rent. , 1887, p. 78. 

» » Cal. SUte mnhier Bareaa, Ball. No. 1 1. Oil and Gas Yieldlus FormatVoi^ol \iQ% K\^Be^»^x^ «^- 
tuTM, mnd SBJtta Barbara conn ties, part J . p. 14. 
"Cml. State Mining Bnreau, 7th Bept. 1887, p. 77. 
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/ AltKAlfSAS. 



Location. 


Oooutr. 


Depth. 


DUme- 


Tteld 

JET.. 


B,ijht 
water. 


BcoiarkB. 




DMh» 


"•!«l'~n 




Fttt. 




N^Bowen 






■S»iifm. 


Bt-Frsnda.^. 




kiDdlnconnty. 




"i 

mo 

WtM.'iO 

« 


8-.H 


"•i 














Benton 


No Bow. 












' 












(eet. 




SSta:: 

Oarland 

Little Blver 


W iuiiy:- 








-ao 


























3^ 

No Bow. 






d™." 












MKiy. 


















,s 


185 


:S8 

Flow. 










Hempatvnd.. 
Drew 




Bidlnel-indltiB' 












- 35 


















n 










&:S:; 










6t^ 


^_ii*lvfcy _ 

















CAI.IFORNIA. 



AdllmBCBnoB' 


Alameda .... 


tdft-S.THII 

li 

euo-Toii 

a 
'1 

4(in 








iOB WO barrels per 








SOTfiMX 












Tenlnni 

KS".::::; 

Santa Claia.. 


fl 










+ .* 




JLUbo Canyon 














7 


B 














7 


















3oa 

at 




































Beokwlth 


iST":-:-;-: 


Nameroas wellii. 






water. 


i^fciii;""""-" 






In proBTOBn. 


VeatDim 


















BitS'S""- 


Kern 










Carpluterlai:: mllpH 
Iromk- 



















'Kecortt, Arkansas Wpo1. Surv,, Koport, v 
'W.,Tol.l,lHlil,p.lU6, 



line Burean 
Sartara cou: 



a.BDll. :}ii. 11.011 and Gas TleldlDg Formations of Log Augelea.Ven- 
, . __ jnties, part l.pp.3&-3U. 

• Record. Cal. Htate MinloK Bareau. Uth Kept.. 1SU1 n-.:. i>p. 135-m. 
'Cal. Htnte Mining Bureau, Uth Sept.. 18»l-fe, p. 4«8. 

• Id., l£th Rupt.. 1%3-M, p. 3S7. 
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Connty. 


Depth. 


Dlune- 


Yield 
mCt. 


X 


BMurks. 




!!£?a,i:::: 

Butte 

S«n Bernu-- 

A™. 

dlDO 


US 

me 

MO 
800 

tuo-aso 

■•i 

44£-6Sn 


fnchH. 


0„Hon., 


NoBo». 














(Mienl 

























M«iy. 
















IS 


3 


FlowKD 


In two groni>H. one 
B mllsH WMt. the 
other 0ai Hex north. 




n.4Tu 


Flowa. 










do 

Mor»it 




^'^. 










j 


«u 




















°t^.' 














44a 

4fia 

wo 

4a»-M0 

Tun-i.ioo 

9S5 

'«» 

.™3I 

1,300 

4sn 

1 

iW- 1.300 
+1,000 
+ «00 










.; 










No flow. 






MB, 1.000 






































8* 

8-7 












Many. 






T<il«re 


PW. 






loo-wo 










ftSSo. ■-'.::; 

Ventnrm . .... 

Ptbsqo 

SMJoMnIn- 






Flow^ 




J,a,JiLme«T»n.^. - 


7-8 


Flowl 


Br" '" " ""'''' 








Flows. 




\^^.. 


» 


















»-? 


M«ny. 


Plows. 














U" ADReles ITbe 
tvunboel." 

LoH Ancolcs iStewut 


do 

....do 

do 

—do 

-,.do 








Small mpply of oil, 




































Small supply of "'li 


t 




1 


»as well 




KM 




1 


Hiimd BUiiply ,.t oil. 


■■■irlLwoBt^ " 









•CoLStAteUlnJiig Bureau, llth Kept., ISHl-HS, p. 

• Id.. BalL No. 11. Ull aad Clas Yielding FonnHtion~ 
con nttB«, part 1, p. ZI. 

•Cal.SisteMinlDK Bureau. llth Kept.. IMIl-BS.n. 4 

' Cal. State MinlnK Burean. Bull. No. II, Oil andOi 
tara. and Santa Barbara coaotle*, part l,pi>. 14-lT. 

■n)ld..p.U. 

•Ibld..p.lT. 
»Oal State H: 
■ > Cal. State H 



□ra, and Santa Barb 
IS ot Los Angolca, V 



e Mining Bni 

_. .e Mining Bat 

..a. and Saota fbrbara constleajMrt 
•'CMiautelOBliigBaremaJtb Kept. 



J.u. 14. 
,1887. p. 7: 
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DEKP BOBINOS IN THE UNITED STATES, PART I. [no. 57. 

CALIFORNIA-Contmued. 



Location. 



County. 



Depth. 



4- hi*) 



Diamo 
tor. 



Yield 

per 

mfnuto. 



Heiffht 
water. 



Remarks. 



Inchea. (wallons. Fret. 



LoM Anjfj'los (.')! inllos | I»8 AnjcolcH . 

west).' 
Loa AnKoliM (»i miloH do <WiH-1.4S5 

we«t'.' 1 

LoH AnKck's ( 10 niiloH ; do fCS) 

north of woHtK' 



Ijoh BanoH^ 
Loyalton . . . 

Do 

Do 

Do 

Do 



Morced 
Sierra.. 

do.. 

.... do.. 

do 

...do 



Ludlow ! San Bornar- 

t dino. 

Madora < i Madera . .. 

Do '.... do 

Madera ((Smiles west) . ..do 

Mayfleld : Santa Clara. 

Merced , Merctni 

Mero<»d (\',i ni i 1 e h do 

Houthwest). 

Milpita.s Santa (.'lara. 

Miranionto j Kern 

Do ' . do 

Modesto (1 mile east) Stanislaus . 

Montague * . . - Si.sk iyou ... 

Moody Uulch * i Santa Bar- 
bara 
Monnt Ca ye tan a 
(southwest slope, 
near Santa Paula 
Creek).' 
Mount Diablo 



4:^ 

rc5>-7.'jO 

l.iNUl 

¥*i 

4afMil2 

l.HTH) 

1,300 
(i^> 

viii 

(MH 

«I0 7()(» 

l.Ol.'J 

TiOO-rOO 

1.070 

l.*)0 
1.400 



Ventura 4:)o- 1,170 



a 

4 

3 



...; Flows. 

SO Plow. 

20 Flows. 

lOi: ! Flows. 

Flows. 

Flow. 



ao 

Few. 



9 
10 



I 

8 
8 



10-8 



100 
1«7-175 



1,670 
Many. 



-3 

Flows. 
Flows.? 



Small flow of gas; 

ahandoned. 
Two wells, for oil; 

nnsuccessfnl. 
Two wells. Holphur 

water and some 

gas; alMuidoxied. 

Several wells. 
Temp. lao**. 



Several wells. 
Not in ose. 



+ li Strongest flow at GS^ 

I and tt80 feet. 
+ 2 Two wells. 
Flow**. , 



Newman 

Do . 

Newman Ranch ' do 



Har 



Santa 

l>ara. 
Stanislau.s 
...do 



Nor<lhoff 

south). 
Norman 

north).** 
Norman (about 

mile southeast). 
North Cucamouj^a. 



(1 m ilo i Ventura 
( li miles Uh'nn .. 



do 



S;in Bernar- 
dino. 
r..os Angeles 

Almeda 

do 



Norwalk 

Oakland 

Ontario 

Oroville I Butte 

Pasadena I Los Angeles 

Peru ( 1 { miie.s south) Ventura . . . 

Pi<'o i I^os Angeles 

Pixley Tulare 



Do 
Do 
Do 
Do 
Pi.xley 



do 
do 
do 
do 
do 



(1] mil»*s .. 

northwest)." 

Pi.xley (2 miles east) do 

Pixley (vicinity) drj 

Do do 

Pixley ( 'i miles west) do 

Pixley do 

Pixley t. J miles .south- do 

west). 
Pix lev ( r» miles south- do 

we.st).'"' 
Pixley I ♦» miles west ) do 



!N)0 

4:.'7 
445 

411 
500-800 

940 

1.100 

450 

4>*0 

50U 

457 

800 

1,200 

400-570 

600 7*'> 

438 

480 

CiOO 

713 

7:10 

95.') 

60O 
1.150 

m: 
i.(Myo 

815 

i.i:.o 

950 




No flow. { Small flow of gaa 
Gas well. 
For oil or gas. 

Several oil wells. 



12 1 Flows. I 

8 1,250 1 



44 Brackish water. 
. . . Several oil wells. 



Many. 



+ 15 Small amount of gas 
at 337 feet. 
Surface. Small amount of gas 
at 500 feet 



3 



112 i Flows. 
No flow. 
Flows.? 



8 Many. 

7 ' Many. 

8 

9 

8 

9 

8 

9 
9 

8 

9 ' ! Flows. 

9 1 + .2 



1.200 



+ 


.1 


-4- 


.8 


-f 


.3 


+ 





4- 







.1 


Flows. 


-f 


.« 


-f 


. 4 



No water. 
Several oil weUs. 
Numerous oil wells. 



9 



H- 1 I 



+ 



' ChI. State Mining Bureau, Bull. No. 11, Oil and Cfas Yielding Formations of Los Angeles, Ven- 
tura, and Santa BarUira counties, part 1.]). 15. 

^ c:al. State Mining Bureau. 7th Kept.. 1887. p. 78 

3 Record, Cal. State Mining Bureau, 10th Bept.. 18JH), p. .CV). 

* Cal. StaU) Mining Bureau. 11th Rept., 1891 -92. p 211. 

^ Cal. State Mining Bureau. 12th Rept . 1893 W. p.. 351 

« Record. Cal. State Mining Bureau, 8th Rept. 1888. p. 548 

' Record, Cal. State Mining Bureau, Bull No. 11, Oil and Ga.s Yielding Formations of Los 
Angeles, Ventura, and Santa Barbara counties, part 1, pp. 37-38. 

» R«Mord, Cal. State Mining Bureau, 11th Rept, 1891-92, p 224. 

» Cal. State Mining Bureau. 11th Rept., 1891-02, p. 487 
'" J bid.. ;^p. 487-488. 
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Yield 



Pliley {10 milaB Tulare 

K>ijthw«st>.< I 

Pottar Viuiey Kondocliio,, 

pDeDte> Loa AaireleB 

Boberts IsUnd San Joaqalo 

Blverslde Riverside... 

Bock^ Point Bierni 



Silt Harsb Caayoii ' 
Sbd BemardiDo 



Do..;'.;';;'";; 

SaDl.ewisB&iicb.. 



mlleaoMt).' 
Sau ta PaaU regrloD . 



;*.: 



ta»-6») I Saudi) 



4tJ-;wi 



.Santa Clara..' 



s TaUey ,. 



Do.. 



vertbread oil dla- 

fiiai Canyon...! 

Smyrna Colony 

Stockton 

Stockton (S. F. and 

8.J.V.B.a) 
Stockton" 



Do.. 



Stockton (JackKin 
well J. » 

Stockton" 

« Mitijni: 

___.»lilintui[ ' 

L and Santa BorVii 



MumBr<>a><olL»>.-ll». 



Water eallj iiiiii 

kHllne. 
Somegaa. 



'.i 'S.'5. 








Ha 










.'.'«.„! 


Flow': 



Several oil wuUri. 



Two wells. 

Fur oil; nnHUOccnnri 
!Sul)ibur wntui 
temp., 110": pis I 
l«W tint. 



m 


B-r 


Many. 


Flows, ' 




4 


1^ 


Flow. 
















f 








Miiiy: 














IS-BI 






i.-no 





_.... „___ th Root., ISBl-lH, p,4Hlt. 

CaLStato Uintnic Bunwu, Bull. Nn. 11.011 and Qbk Yielding For 
tnrs, and Santa Bar ViarB counties, nrCl, pp. 18-21. 
» CkL StatB Mining Bnrosn. L-th Bcpt,lSH-B4.p.3SO. 

•RoanS. C 



a.Cal.Sti 

- — ■ HrRnrnan Roll .,„., „„„„.,,.„ 

'Cat. State Hliiin|(Bi)reBU,l:nliRept..riWini.p.».^:. 

• Keoord,Cal. State Ulniog Bureau, lltb Rept.. ll«1-(i£, p.45S. 

• Cal, State Mining Bontaa, Bull. No 3. Of ' "-— ■ "■ 



„' of Calilomla, p. 30 

<' Record. Cal. State Mining B 



>am Yielding Forn 



lr.f Lb« Angolo-,Voii. 

tionBottbc<'eQtral 
i( IrfB AngoloH.Vi'n- 



■ ' Keconl. Cal. Slate Uinlng Bu ri^i li . 8th Report. irlHH. i>n .Vi.')-.'ji>i. 
» Bscord. Ud. SUta Hlolug Bursau, Ball. No. 'i. Uaa and Petroleum 
ValW of Calltoraia. p. n. 
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DEEP BORINGS IN THE UNITED STATES, PART I, 



[ifo. 57. 



CAIilFORNIA— Ck)ntiiiued. 



Location. 


County. 


Depth. 


Diame- 
ter. 


Yield 

per 

minute. 


Heiffht 
water. 


Remarks. 


Stockton Asylum 

(Jackson well).* 
Stockton (St.Ainies 


San Joaquin. 

do 

do 

do 

do 


Feet. 
fl00+-l,760 

1,720 

1.917 

2,061 

980-1,080 

1,401 

400-800 

l.OOH 

600-1,360 

960 

700-1,000 

40O-U05 

400 

480 
50»-l,012 
450-1,000 
960 
400 
460 
500 

539 

498 
887 
835 
562 
720 

1,058 

730 

700 

775 

540 

450-816 

400-900 

850-975 

4(M> 

71K) 


Inches. 


Gallons. 
Many. 

Many. 

Many. 

Many. 

Many. 

Many. 

5-125 


Feet. 
.... ...... 


Two uras wells. 






Do. 


College). » 
Stockton (court- 


12^ 




Qas well. 


house).' 
Stockton (Cltizemi' 

QasCo.). 
Stockton 




Do. 




Flow. 


s>everal welln: temp., 


Stockton (9 miles 


do 

Plumas 

do 


7-5 
3 


750. 
Some gas. 


southeast). 
Summit „.„, 


Flow. 
Flow. 


Numerous wcIIh. 


Do 




Sunset District • 


Kern 




Numerous oil and 


Susan ville 


Lassen 

Ventura 

do 


. ..».*«>«• 




-10 


brine wells. 


Tar Creek* 






Numerous oil wells. 


Tar Creek Canyon 


"•"• ••••• 






Do. 


Tipton 


Tulare 

do 




7 

8-6 




+.04 

+ .04 
Flow. 
Flow. 


Several wells about 


Do ... 




the same depth. 


Do 


do 


8-9 


Many. 


Several wells. 


Torrey Canyon 

Traver 


Ventura 

Tulare 

do 


y' 

6 

7 

1 

9 

9 
9 
9 
9 

8 

9 

8 


Many. 
Few . . . 


Oil wells. 


Tulare 


666" 


+.8 




Do 


do 




Tulare (about 20 

miles west). 
Tulare (B. Jacob's 


do 

do 

do 


+.15 

+.1 

+ .1 
+ .35 
+.3 
-15 
Flows. 

H-.75 

+.35 
Flows. 
Flows. 

o 

Flow! 


Several wells about 




this depth. 
Some gas. 


Ranch). 
Do* 




Do. 


Do* 


do 


Qas well. 


Do 


do 


Many. 
300 

Many. 




Tulare (city wells) . . 
Tulare 


do 

....do 


Several wells. 
Several wells al>out 


Tulare (about 20 
miles southwest; 
Lam be r t s o n 
Ranch).' 

Tulare ( 7 miles west) * 


....do 

....do 

Plnmas 

Tular*) 

Santo aara.. 

Tulare 

Ventura 

.... do 


this depth. 
Gas at 60U and 700 feet. 


Vinton 


150 
190 




Visalia 


7 




Watsonville 




Wankena - 


8-9 


Many. 


Several wells. 


Wheeler Canyon * ... 
Wild Bill Oulch »« . 


Do. 








Cll wells. 


Winchester ...... .. . 


Riverside 

Siskiyou 








Yreka 


4i 


135 


+33 









» Record, Cal. Stote Mining Bureau, Bull. No. 3, Gas and Petroleum Formations of the Central 
Valley of California, li. 18. 

' Record, ibid., pp. ir>-l6. 

» Cal. State Minlnar Bureau, 12th Rept, 1893-94, pp. 353-354; Record, Cal. Stote Mining Bureau, 
Bull. No. 3, Gas and Petroleum Yielding Formations of the Central Valley of Cal., n. 30. 

«Cal. Stote Mining Bureau, BulL No. 11, Oil and Gas Yielding Formations of Los Angeles, Ven- 
tura, and Santo Barbara counties, p. 27. 

» Cal. Stote Mining Bureau. 11th Rept, 1801-92, p. 489. 

•Ibid., pp. 488-489. 

nbid., p. 488. 

"Ibid., p. 487. 

* Cal. Stote Mining Bureau, Bull. No. 11, Oil and Gas Yielding Formations of Los Angeles, Ven- 
tura, and Santo Barbara counties, part 1, p. 37. 

•Mbid., p. 36. 

PUBLICATIONS RELATING TO DEEP BORINGS IN CALIFORNIA. 

California State Mining Bureau, Seventh Annual Report of the State Mineralo- 
gist for the year ending October 1, 1887, 315 pages, Sacramento, 1888. 

California State Mining Bureau, Annual Report of the State Mineralogist for 
the year ending October 1, 1888, 948 pages, plates, Sacramento, 1888. 

California State Mining Bureau, Tenth Annual Report of the State Mineralogist 
for the year ending December 1, 1800, 983 pages, plates, Sacramento, 1890. 
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Califomia State Mining Bureau, Eleventh Report of the State Mineralogist 
(first biennial), two years ending September 15, 1892, 612 pages, Sacramento, 1893. 

Califomia State Mining Bureau, Twelfth Report of the State Mineralogist (sec- 
ond biennial), two years ending September 15, 1894, 541 pages, Sacramento, 1804. 

California State Mining Bureau, Bulletin No. 3, the Gas and Petroleum Yield- 
mg Formations of the Central Valley of California, by W. L. Watts, 99 pages, 
plates and maps, Sacramento, 1894. 

Califomia State Mining Bureau, Bulletin No. 11, Oil and Gas Yielding Forma- 
tions of Los Angeles, Ventura, and Santa Barbara counties, part 1, by W. L. Watts, 
94 pages, plates, map, Sacramento, 1897. 

COI.ORADO. 



Location. 



Town. 



County. 



Aceqnia . 

Akron ... 
Alamoea. 

Do... 

Do.». 

Do... 

Do... 

Do... 

Do... 
Arrada.. 
Art€»)Um 



Do 

Do 

Boulder 

Do 

Boulder (4 miles east ) 

Bonita 

Brighton 

Do , 

Do 

Burlington 

Byers 

Calhan^ 

Canon City 

Canon City (near). .. 
Cheyenne Wella • 

Do 

Colfax 

Colorado City 



Douglas 

Washington 

Conejos 

do 

do 

do 

do 

do 

do 

Jefferson 

Arapahoe 



Do 



Colorado Springs. 

Cotton Creek 

Cortez* 

Crestone 

Do 

Del Norte 

Delta 

Do 

Denver* 

Do 

Do 

Do 



do 

dcv 

Boulder 

do 

do 

Arapahoe.. 

'.'.V.'.aoV.'.V. 

do 

Kit Carson. 
Arapahoe.. 
El Paso.... 
Fremont . . . 

do 

Cheyenne.. 



do . 

Custer . 
El Paso 



.do 



do 

Saguache ... 
Montezuma . 
Saguache . . . 

do 

Rio Qrande. 

Delta 

...do 

Arapahoe . . . 

'.'.'.'.do'.'.'.','.'. 
do 



Depth. 



Feet. 
442 
596 

1,280 
505 
G04 
856 
465 
474 

1,000 
900 
460 
700 

565 

720 

400 

+1,000 

600 

?i5 

406 

700 

500 

6<X) 

450 

566 

1.600 

1,278 

1,770 

1,702 

627 

2,020 



1,300 



1,120 
405 
795 
426 
Uti 
607 
575 
580 
.TiO 
407 
iU 
',00 



Diame- 
ter. 



Inches, 



3 
3 
6-« 
34 
2 
7|-6 
8 



2 



3 
3 



2 
6 



4i 



3 
3 



3 
3 2 



Yield 

per 

minute. 

Gallons. 
15 
4 



3 
225 
1,000 
Many. 
Many. 
Many. 
Many. 



Very 

few. 

20 

10 

5 



80 

30 

Few. 



Small. 



U 



700 



75 
Several 
H) 
75 



o 



Pew. 

h 

30 

.50 

44J 



Height 

of 
water. 



Feet. 
Flows. 
Flows. 



Flows. 
Flows. 
Flow3. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 

Flows. 

+ 35 

Flows. 

4- 20 



Flows. 

+ 15 

Flows. 



Flows. 



+100 
- 15 



Flows. 



Plows. 
No flow. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
+ 6 
+ 25 



Remarks. 



Failure; abandoned. 
Temp.,65'». 



Temp.,75*>. 

2 wells; temp.,70<^. 



Water too ''alkaline.*' 
Unsuccessful. 



Saline water. 
Temp., 90°. 
Water at 350 feet. 
For water. Aban- 
doned. 
For gas. Failure. 

Gas. Pressure 155 
pounds to sciuaro 
inch. Now filled 
with surface water. 

Gas at 216 feet. Shut 
off by water. <Blue 
shale below 35 f (»et. ) 

Temp., 58^. 



Temp., 56°. 
Temp., 62". 



+ 60 I Temp.. 50°. 



> Record, 51st Congress, 1st session, Senate Ex. Do<^, No. 222, p. 223, Washington, 1890. 
« Record, 51st Congress, Ist Session, Senate Ex. D(^c., No 222. p. 216. Washington. 1890. 
» Record, U. 8. Geol. Surv., 16th Ann. Rep., 1894-95. Part II. p. 5*).J, Washington, 1895. 

* Record, Colorado State Engineer, 8th Annual Report for 1895-96, pp. 69-7(». 

• In Denver and vicinity there are several hundred well.n, mainly from ;J50 to 1,090 feet deep. 
They srield flows of considerable size from several horizons, but owing to large number of wells 
ttie volume of water is now greatly decreased. The wells are described in the following publi- 
cations: 51«t Congress, Ist session. Senate Ex. Doc. No. 222, pp. 175 21)5,227-228, Wa.shington, imt; 
Monograph, U. 8. Qeol. Surv., Vol. XXVII, Geology of the Denver Basin, by S. P. Emmons, W. 
Cross, and O. H. Eldridge, 4«, Washington, 1896. 

IBR 57—02 2 
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DEEP BORlNOft IN THE UNITED STATES, PART I. [no. 67. 



COIX>UADO-Continued. 



Location. 



Town. 



Denver 
Do. 
Do. 
Do. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do. 
Do. 



County. 



Dnrango 
Eaton ... 



Evans ... 
Fleming. 



Florence » 



Do 

Do 

Fort Logan . 

Do 

Fort Lupton 
Fort Lyon... 



Franceville Junction 

Georgetown 

Grand Junction 



Greeley ' 
Do... 
Do... 



Do 



Hoeline 

Hygiene* — 

Irondale 

Iron Springs 



Island Station 

Do» 

Do... 

Kit Carson 



Lajunta* 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Lamar^ 

Lamar (northwmt 

of). 
Langford <4 miles 
northeast). 

Larkspur 

Las Animas 

La-4 Animas (7 miles 
northeast). 



Arapahoe . 

.'.V.'.do'.'.'.V. 

....do 

do 

....do..... 
....do..... 

...do 

....do.... 

....do 

....do.... 



Ija Plata 
Weld-... 



.....do. 
Logan. 



Fremont 



Depth. 



Feet. 
675 
604 

7a) 

725 

810 

856 

906 

1,060 

i,Ke 

1,250 



.....do 

do 

Arapahoe 



ipahc 



Weld. 
Bent . 



El Paso 

Clear Creek. 
Mesa 



Weld. 

do 

do 



do.» 



Las Animas. 

Boulder 

Arapahoe... 
Otero 



Arapahoe. 

.'.'.'.'.ill'.'.'.'.'. 
Cheyenne 



Otero 
do 



do... 

do... 

do... 

do... 

do... 

do... 

do... 

Prowers 
do... 



Boulder . 

Douglas 
Bont .... 
do... 



Diame- Yield 

tor P®*" 

^^' mUmte. 



Inches. 

a-4 

4 

8* 
3 
4 
34-2* 

24 
5 



Height 
water. 



400 
970 



1,300 
423 

780 

+1,000 
+ 800 
685 
658 
904 
815 



Many. 

658 

1,000 

446 

970 

i,165 

2,140 

936 

965 

500 

1,006 



440 

430 

730 

1.460 

412 

420 
439 
640 
670 
700 
740 
766 
1,152 
560 
420 

4(X) 

560 

+ajo 



Qatlons. 
Small. 



eo 

10 
70 
70 
10 



Feet. 
No flow. 



Few. 



TOO 
1.000 



+ 
+ 
+ 



60 
85 
40 
5 
20 
24 



No flow. 



Flows. 
No flow. 



Flows. 
-160 

Flows. 

Flows. 

Flows. 
No flow. 
No flow. 
- 4 



2 
64-^ 

24 
4 



8-4 



6-4 



8 
4 



120 
Few. 

4 



40 
Few. 



60 



60 
15 



8 
45 



41 
8-6 
6 

^1 

6 ' 

74 124 

74 25 

5| Many. 

5li 5 



35 
15 



I 



82 



100 
No flow. 

No flow. 

-30 
Flowed 
atflrst. 

- 40 



Flows. 
—656 



Flows. 
+ 40 
-125 



Flows. 
Flows. 



Flows. 
Flows. 



Flows. 

Flows. 

Flows. 

No flow. 

Flows. 



Remarks. 



Flow pumped down. 



Drilled for oil. Salt 
water to —40. Well 
abandoned. 

Much water at 330- 
260 feet. Some 
water at 400 and 
635 feet. 

Water from 1,126 ft. 

Very small supply 
of water. 

Numerous oil weUa 
in vicinity. 

Water at 1,000 feet. 

Temp., 86®. 



Abandoned. Small 
amount of water at 
430 feet. 



Some gas at 444,700, 
and m feet. 



Several wells. 

Water from 1,166- 

1,200 feet. 
Well abandoned. 
Flowed at 676 feet. 

Flows at 240 and 375 
feet; unsatisfac- 
tory water at 1,006 
feet. In progress. 



No fresh water; salt 

water at 450 feet. 
Temp., 68®. 
2 wells; temp. , TO®. 
Temp., 68®. 
Temp., 68®. 

Do. 
Temp., 75®. 
Temp,, 68®. 

Can pump 80 gals. 



See Fort Lyon. 



' Record, 51st Congress, Ist session. Senate Ex. Doc. No. 222, p. 214, Washington, 1890. 
s Fifty -first Congress. 1st session, Senate Ex. Doc. No. Z*2, pp. 209-210, Washington, 189a 
•Analysis, ibid., p. 226. 

• Record, ibid., p. 21)8. 

• Fifty-flrst Congress, Ist session. Senate Ex. Doc. No. 222, p. 197, Washington. 1890. 

• Record, Colorado State Engineer. Ninth Biennial Rei>ort, for 1897-98, pp. 28-29. 

^ Record, Colorado State Engineer, Ninth Biennial Reoort for 1897-96, p. 29; analysis, 61st Con- 
gress, 1st session, Ex. Doc. No. 222, p. 228, Wa.shington, 1890. 
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COLiORAlK)— Continued. 



Location. 



Town. 



County 



LeadriUe. 
Littleton . 



Do 
Do 
Do 



Do 
Do 



Do 



Do 

Do 

Lockett 

Lonemont 

Do'.'..'.'.'.'.'.'. 

Do 

Loreland> 

Lyman 

Mansanola 

Moffat 

Do 

Do 

Montrose 

Mosca 

Do 

Ordway 

Otis' 

Petersburg, -i.. 

Do.» 

Pueblo* 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Rocky Ford 

Do 

Do . 

Do 

Do.» 

Do 

Rouse Junction 



Sagaucbe.. 
Salt Creek 



Scranton*. 



Sedalia 
Do. 
Do. 



Lake 

Arapaboe 



-do 

.do 

do 



.do 
do 



do 



do 

do 

Saguache . . . 

Boulder 

do 

:::::^S::::::: 

Laramie 

Arapahoe... 

Otero 

Sagaucbe . . . 

do 

do 

Montrose . . . 

Costilla 

do 

Otero 

Washington 
Arapaboe . . . 

ao 

Pueblo 

do 

...do 

.-..do 

...do 

....do 

do 

do 

Otero 

...do 

...do 

— do.. 

...do 

...do 

Huerfano 



Sagauche 
Pueblo . . - 



Arapahoe . 



Douglas. 



Sedalia (5 miles do 

south. )• 

Sheridan i Arapahoe. 

Do 

Sheridan Lake. 



Stout T 



do. 
Kiowa 



I.«arimcr . 



Depth. 



Feet. 
400 
4«7 

500 
510 
525 



580 
001 



no 



810 

1.300 

418 

431 

506 

(KJO 

640 

3,465 

«30 

1,113 

4(H 

650 

710 

K25 

610 

420 

1,575 

2.400 

tfOO 

720 

772 

782 

789 

1,150 

1,219 

i.ajo 

1,400 

1,402 

767 

790 

793 

820 

845 

1.033 

2.058 



400 

2,o:io 



80(4; 



Yield 
'^'' Impute. 



Diame- 



Inchea. 

3i 

34-21 



Gallons. 

20 

16 

25 

- 9 



8 
15 



Hoiffht 
water. 



Ft'et. 



Reinnrk.s. 



+ 35 
Flow. 



Flow. 

f 16 



8-4 
3 
4 



45 



-fl 
3* 



2 other similar wcIIh, 
440and 480 foot. 



Temp.. 62°. Several 
similar wells from 
520 to 560 feet deep. 

Several similar wells 

from 600 to 675 feet 

deep. 
Several similar wolls 

from 700 to 73") feot 

deep. 



+2 



6 
34 


40 

Few. 

1 


5* 

3 


10 

42 

Few. 


2 






30 


44 


4 
44 



Many. 

None. 
21) 
10 

3-5 

300 

3 

20 


34-24 


5t 


M 




+ 50 
+ 11 

No flow. 

+ 30 

Flowed. 
Flow 8. 

FIOWH. 

Flows. 

+ 11 
Flow. 

+ 3 
Flow. 

-25<» 

"'+36' 
+ 35 

Flows. 

Flows. 

Flows. 

Flows. 
+125 

Flows. 
+ 140 
+ 140 

Mow.s. 
+ 75 

Flows. 

Flows. 

Flows. 

Flows. 
—200 



Water at 1,3«V") feet. 
Temp., 80«. 

Temp., 72°. 



Temp., n:J'^. 
Abandoned. 



Temp., 76°. 
Temp., 77". 



i°. 

to 



Tomp.,78« 

Temp., 74*= 

Temp., 78"= 

Tomp.,75°. 

Temp..72*». 

Temp., 75°. 

Salt water at 890 foot, 
small amounts of 
water at 7<J0 and 
1,600 feet 



No flow. Small amount of 
water at various 
depths. Abandon- 
ed. 

3 ' ' C oal prospect. No 

i I water. 

24 



7H» Noflow. 

1,440 



580 
1.280 
1.225 



2) 
10 



« 



I 



-280 
+ 30 



Water from 200 to 300 
feet only. 



Water at 1,200 feet. 

Abandoned. 
Poor water 922-l,()iX) 

feet. 



> Record, 5l8t Congress, 1st session; Senate Ex. Doc. No. 222, pp. 210-211, Wa.shington, 1800. 

« Ibid., p. 217, Wa&ington, 1890. 

3 Ibid., p. 204. 

* Recortts, etc., ibid., pp. 213-214; analyses, ibid., p. 22!). 

» Record, Colorado, State Engineer l»th Biennial Report, 1897-1898, p. 29. 

" Record* Ust Conerrees, 1st session. Senate Ex. Doc. No. 222, p. 207, Washington, 18!«0. 

TIbid.,p.2U. 
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COIiORA DO— Continued. 



Location. 


Depth. 


Diame- 
ter. 


Yield 

per 

minute. 

OcUlons. 


Heiffht 
water. 

Feet. 


Remarks. 


Town. 


County. 


That'*h«r, , 


Las Animas.. 

Otero 

Las Animas.. 
do 


Feet. 
996 
705 
400 or 500 


Inches. 
51 

6i 




Timpafl 

Troy 


85 


Flows. 




Trinidad 










Do 

WA]«i<^nhnrff 


do 

Huerfano 

Custer 

Rio Blanco... 
do 


2,505 
1.250 

500 
402 
506i 
+60f) 


51 


Maiiy. 


-m 


For gas, entirely in 
shale. Salt water 
at -40 feet. 

Abandoned. 


'Wtm,t/*}itftk . 




None. 




Whiteriver 






Salt water at 200 feet 


Do 








Much jns at 500 feet 
For oil or coal: un- 


Wray 


Yuma 




1' 




, 




— 


successful. 



PUBLICATIONS RELATING TO DEEP BORINGS IN COLORADO. 

Report of L. G. Carpenter. Field Agent for Colorado, Fifty-first Congress, first 
session. Senate Ex. Doc. No. 222, pp. 173-232, Washington, 1890. 

Report of P. H. Van Diest, on the Geological Conditions of Artesian Basins in 
Eastern Colorado and New Mexico, Fifty-first Congress, first session. Senate Ex. 
Doc. No. 222, pp. 87-97, Washington, 1890. 

Artesian Wells of Colorado and their relation to irrigation. State Agricnltnral 
College, Bulletin No. 16, July. 1891, 28 pages. 

E:onomic Geology, by George H. Eldridge, Geology of the Denver Basin in 
Colorado, United States Geological Survey, Monograph No. 27, pp. 317-465, Wash- 
ington, 1896. 

Underground Waters of the Arkansas Valley in Eastern Colorado, by G. K. 
Gilbert, United States Geological Survey, 17th Annual Report, 1895-1896, part 2, 
pp. 1-51, plates, Washington, 1896. 

United States Geological Survey, Geologic Atlas of the United States, No. 36, 
Pueblo folio, by G. K. Gilbert, Washington, 1897. 

United States G^eological Survey, Geologic Atlas ot the United States, No. 58, 
El Moro folio, by R. C. Hills, Washington, 1899. 

United States Geological Survey, Geologic Atlas of the United States, No. 68, 
Walsenburg folio, by R. C. Hills, Washington, 1899. 

CONNKCTICUT. 



Location. 



Town. 



County. 



Depth. 



Fairfiold 

Tolland ....... 

New Haven-. 

...do 

Fairfield 

do 



Bridj?oi>ort 

Mansfield 

Moriden 

New Haven 

Noroton 

Do 

Pom fret Center i Windham 

Putnam Heights do . . . 

Do j do — 

Do ! do.... 

Do .... do.. . 

Rockville I Tolland .. 

Stamford ■ Fairfield. 



Fvet. 

m) 
mo 
5;» 

3.800 
700 

1.500 
610 
800 
400 
700 
420 

3,440 
450 



Dia 
meter. 



Yield Heijfht 
per of 

minute, water. 



Inches. 



(inJlons. 

Several 
! 14 

12 70 



6 



6 



None. 
4 
Few. 
Few. 

4 
7 

Not any 



Feet. 
No flow, 
No flow. 
No flow. 



No flow, 
No flow. 
No flow. 
No flow. 
No flow. 
No flow. 



Remarks. 



Water very hard. 
Unsuccessful. 

4 gallons at 900 feet. 



Abandoned. 
Water unsatisfac- 
tory. 
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DBIiAWARE. 



Location. 


Depth. 


Diame- 


Yield 


Height 
water. 


Remarks. 


Town. 


County. 


ter. 


per 
mmute. 


Bowers Beach * 




Feet. 


Inches. 
3i 


Gallons. 

200 


Feet. 
Nc flow. 


Not much water Im>- 


Delmar^ 


Snasex 




low 240 feet. 


Lewes* 


do 


........... 

400 

1,080 
535 


6 


i5 


At snr- 




Do* 




face. 
15 1 Flows. 
330 -60 




Middletown* 


Newcastle . . . 
do 


10-8 


Water also at 475 feet. 


Da* 


«I8 
400 

i.or? 




Water from 335 and 


Wilmington 


do 


8 


15-18 
10 




6<X>-686 feet. 


Do 


do 


-26 















DISTRICT OF COLUMBIA. 



Washing ton, Hen- 
rich's old Brewery. 

Washington. Riggs 
House. 



flOO 


. 


7 




558 




None. 









Abandoned. 
Unsuccessful. 



FliORlDA. 



Apalachicola 

Bartow (8 miles 
southwest). 

Do 

EauOaliie 

Femandina^ 

Do 

Femand i n a (city 
park). 

Femandina 

Green Cove Springs. 
Heart 8 Road ?(R.R. 
junction). 

Hobe Sound 

Jacksonville " 

Do 



Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Jasper 

Key West 

Kmimmee 

Lake Worth '• 

Live Oak 

Madison 

Malabar...' 



Melbourne . 
Narcoossee. 

Ocala 

Orchid 

Pasadena .. 
Pensacola . . 



Franklin. 
Polk 

do.... 

Brevard . 
Kassau.. 

do 

do... 



do. 

Clay.... 

Nassau. 

Dade . 
Duval.. 
do. 



do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

.....do ... 

do... 

Hamilton 
Monroe .. 
Osceola .. 

Dade 

Suwanee. 
Madison . 
Brevard . 



Brevard . 
Osceola .. 
Marlon. .. 
Brevard . 
Pasco — 
Escambia 



475 

600 

400 
490 
040 
750 

700 

7«2 
600 
750 

1,100 
793 
711 
630 
660 

1,020 
987 
490 
637 
650 

1.020 



3* 



+550 
2,350 
406 
1,212 
1.004 

5:» 

510 

400 
416 

1.210 
480 
450 

1,400 



6 

8 
6 

8 



6 
6 

4 

6 



6 

»i 
lOf 

12 

3 

6 

6 



800 



810 



600 
Many. 

Few. 



8^ 



4 
4 

8 
6 
3 

6 
3 

8 
4 



432 

»950| 

432 
180 
600 
900 
2.833 



313 
Many. 

100 
Many. 



+ 
+ 

+ 
+ 



48 
50 
64 
40 



+ 30 
+ 64 

Flows. 

+ 17 

Flows. 



+ 64 



+ 62 
+ 82 
+ 62 
+ 62 



Few. 



+ 40 

- 80 
-117 

Flows. 

+ 48 

- 27 

- 74 
Flows. 

- 86 



Temp., 68°. 
SmaU vein of \%'ater 
at 300 feet. 

Temp.,78*. 

Water from 618 feet. 

Temp.,77*. 

Temp.,74*». 



Temp., SO*. 
Temp.,77". 

Sulphur water. 

Do. 
Temp.,74'> to77 

Do. 
Temp. 81". 
Temp., 77". 
Temp.. 75". 
Tenap .76". 

Do. 
Temp., 78". 

In progress. 



Temp., 60". 

Temp., 78": bored for 

oil; uoue found. 
Temp., 78". 



Sulphur water. 



Navy yard well. 
good water. 



No 



' New Jersey Geol Surv. Report for 1899, p. 110. 

« Record, ibid. pp. 111-112 

« Record. U. S. Ueol. Surv., Bull. 138, p 12.i. 

* Record. New Jersey Geol Surv.. Reiwrt for 1898. pp. 8.1-87. 

* Record. U. S. Geol. Surv. , Bull. No. i;«, p 12:1 
"Record, New Jersey Geol Surv., Report for 1898. p. 115. 
» Georgia Geol. Surv. . Bull No 7, pp. 75-76. 

* Representative wells. 
•Both wells. 

^" Record, etc., Am Jour. Sci , 3d series, vol. 41, pp. 105-106. 
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FIX>RIDA-0>ntinned. 



Location. 



Town. 



Pnnta Oorda. 



Do 

Do 

Qnlncy 

Riverftide 

Boneland 

St. A Qiraf^inc > 



St.NichoUw 

Booth JackfionTille 

Do 

Tallahaasee 



County. 



Deftoto 

do... 

do... 

Gadfiden 
Pntnam . 
Brevard 
St.John. 



Duval. 

do. 

do. 

Leon . 



Depth. 



Feet. 
44)7 

400 
425 
ftlO 



Diame- 
ter. 



Yield 

I per 
I minute. 



4(S3-4ijO 
1,400 



7r>o 

750 
715 



6-4i 



6 



25 



Many 
Many. 



Height 

of 
water. 



Remarks. 



Inches. Xiallrma. Feet. 



Flows. 

FIOWR. 

Plow. 
Flow. 



Water too salty for 
use. 

Salt water only. 



2 wells. 
2 wells. 

5,5iM) Temp.. H6«». Strong 

flows also at 40(MW 



6 




and diX)-dfiO feet. 
+ 60 1 Temp., T7*». 
+ 65 






6 




+ e9 

- 98 


Do. 















GEORGIA. 



Abljeville« 



Albany . 
Do.> 



Wilcox 



Dougherty 



Do.< 

Alljany (16 miles 

west). 
Americus 



do 
do 



Do. 
Do. » 

Do.. 
Do-. 



Sumter 

do.. 

do.. 



do 
do 



Arlington * 
Augusta^ . 

Do." .. 



Bainbridge • 
Do. >« .... 



Do 

Barrington > > 



Calhoun .. 
Richmond 

...do 



Decatur. 
do... 



do.... 

McIntoHh 



Baxley>^ I Appling. 

Bladen '» | Glynn .. 



Bowon's Mills ! WUcox . 

Bradley's planta- Stewart. 

tion '«. 
Brunswick'* ; Glynn... 

Do do... 

Do , do... 

Do I do... 

Do do... 

Do I do... 

BuenaVista'* Marion.. 



Camilla Mitchell .. 

Chauncey>' Dod^o ... 

Collins Tatnall ... 

Columbus, 3 miles Muscogee., 
south of. I • 

Cook.stown Wilcox 

Cordele*" Dooly 

Do do 

Creytons Island '» . . . I McIntOHh . 



540 

665 
700-780 

YJ2 

550 

l,?i5 

400 
500 

900 
550 

625 

814 

879 

900 
1,325 

mi 

450 
5<»7 

m) 

673 
740 

450 490 
415 
540 
430 
460 
465 
583 

600 
525 
HOO 
425 

+400 
550 
700 
414 



o 
6-4 

10 



20 
20-115 



- 25 Water at 90, 139, and 
I 290 feet. 



2S5 



Flows. 
+ 24 

+ 30 



Numerous wells. 
Temp., 73*0. 

Pure water. 



8-4 - 30 Water at 1,000 feet. 

in i) Supply is derived 

~ in 1 from the 350-foot 

~ *" I level. 

Flows. I 

+ 1 1 

9(\ ' ) Water at 500, 000, and 

^' }^ 700 feet. Hard and 

) slightly chalybeate. 

6] i , Five water-bearing 

strata penetrated. 



"is" 



196 



5-2 



- 50 



6 2 




3 1 


200 


oi 




3' 


100 


l' 


00 


3 


200 


3 




8 


600 


4 




6 


35() 


4 


600 


10 




6 




8 , 




3 


2 


8 




6 




3 ! 





- 59 

+ 20 



Water at 280 and 370 

feet. 



Flows at 350 and 450 
feet. 
-129 Water at 320 and 408 

I feet 
+ :)0 I Water at 160, 280, and 

475 feet. 
+ 22 Temp., 74*. 
FlowH. Water from 475 feet. 



+ 28 


Numerous wells. 


+ 19 


Temp., 62**. 


+ 12 




+ 25 

■k- 12 


- 


Flows. 


Tcmp.,70«. 


-240 


Water at 331 and 364 




feet. 


No flow. 


Nouflowing. 

Water at about 300 ft. 


- 70 


14:' 




- 4 


Water at 400 feet. 


No flow. 


3 wells reiK>rted. 


- 20 




- :«) 




-f 50 





' Am, Jonr. Sci., 3d series, vol. 34, p. 70. 

2 Oa. (ieol. Surv., Bull. No. 7, p. 151. 

' Analysis and record, ibid. . pj). 179-181. 

• Record, ibid , pp. 178-179. 

^ Record and analysis, Ga. CJeol. Surv. 
No.7.pp.l74 17H. 

• Record. ibid., p. IH.'i. 

' Ga. Geol. Surv., Bull. No. 7, pp. 128-129. 
"Ibid., p. 130. 

• AnalysiH, ibid., pp. 160-161. 

'*d.,p.l62 



Bull. 



> > Ga. Gool. Surv., Bull.. No. 7, p. 100. 

»2 Ibid. p. 149. 

»»Ibid..pp.J«-JW. 

»< Record, Ga. Geol. Surv., Bull. No. 7, p. 197. 

•Mbid., p. 86. 

»«rbid.,p. 19S. 

«■ (4a. Geol. Surv., Bull. No. 7, p. 146. 

'^'RtMjord, Qa. (4eol. Surv., Bull. No. 7, pp. 

l."iJM60. 
>" Ga. Gool. Surv., Bull. No. 7, p. 109. 
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BalL Ko. T, pp. 



_L Na J. pp. 1B3-184. 



• a*. OeoL Sar 
■ Remrd. iWd.. i 

• Ibid., pp. \SJ~\kt. 
' ««. Geol. Snrv.. Bull. No. 7, p, 138. 
•B(vard.Ibld..p. IKi. 

• Aiial7ins.tbid.,pji. IM^lt-i. 
"Ob a«ol,HDrv..BalI.No 7,pp.l2l 
i'[bld.,p IM. 
"ftocoTd.Oft.O«al.Snrv..BDll.No 



Temp., lift". 

Fim flow Bt ;i 
AbandoDod. 



er Bt 5U0 f eot. 
. AbandtniBd. 



K Not an; 



. at 3;n feet. 

- m Water at tIB Had 81 
feel. 
AbflJkdonn]. 

Flows. I 
No flow. I 

+ m Sovenl wells. 



wpUs. 






'Ibld..p.lin. 

' '— lysl»,lbId.,p.M. 

ird, Oa. QboI. Surv., BuU. No. T, pp, lIB-lOt 

tool, 9nrv.. Bull. No, 7, p.m 

ird,ibld..pp,lMI~]87. 

. II. 1V>: Analysis and record, U. S. Oeol. 
.ni iin.(i.'.jlwiirv.,Ftnil.No.T,p.lt«. 
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G EOUCilA-Continned. 



Location. 



Town. 



Montezuma 

Do 

Oglethorpe 
Pelicalville 

8 Hitman * . 
eynoldtt'. 
Biceboro' . 
Do* ... 
Richland . . 
St. Marys 6 



County. 




St. Simons Island . . 
Do.« 



Savannah 
Do.... 
Do.... 
Do.... 



Do.' 

Savannah (6 miles 
south). 

Savannah (12 miles 
west on Great 
Ogeechee River). 

Sebastopol 



Brooks. . 

Taylor . 

Liberty . 

do... 

Stewart. 
Camden . 

Glynn... 
do... 



Chatham 

do.... 

do-... 

do.... 



do ; 

.do 



.do 



Burke. 



SmithrUle" Lee 

Statesboro Bulloch 

Do j do.- , 

Swainsboro* i Emanuel. 

Do I do-... 

Tarboro'^ (U miles i Camden. 

northeast). 
Tennille»» 



Thomas ville *> 
Do 

Union Island.. 
Valdosta».... 



Washingt<m 



Thomas. 
do... 



Valona . . . 
Wadleyi* 



Warwick »* 

Waycross'^ 

Dor.!!!"... 

Waynesboro 1'. 



Do 

Do 

Do 

Do 

Do 

Ways Station". 

Do 

Wliiteoak»» 



Wolf Island.... 

Wright 

Wrightsville". 

Do 



Lowndes. 



Mcintosh 
Jefferson 



Worth 

Ware . 

.... do. 

do. 

Burke. 



Dt'pth. 



450 

m) 

4») 
fjOO* 
•7CM) 
*tl44IO 
430 
420 
525 

4M) 
43»S 

+ 650 

1,500 

51 K) 

408-470 

475-700 
1,147 

i:659 



676 

900 
415 

(?)600 
400 
4U) 
414 

990 

1,900 
480 
475 



do. 

do. 

do. 

do. 

do. 

Bryan. 



do... 

Camden . 



Johnson 
do... 



Diame- 
ter. 



455 
445 

497 
7U) 
500 
(500 
992 

1,2«0 
760 
425 

618 

876 
460 

484 
450 

5O0 
785 
672 

7m 



Inchen. 
2* 

4 

2 

4i 

6 
S-i 
3 
4 
6 
4 

6-3 
6 



Yield I Height • 
minute, water. ' 



Gallons. 

30 

66 
400 



hWt. 
{ 4- i 



26 
26 



12 

10 

6 



60 
150 
1(N) 

25 
Many. 

100-150 
250 



- .'JO 

- 80 i 
+ 20 
+ 24 

120 

-f 50 ' 

I 



Many. 
Many. 



+ 40 

- 18 
No flow 



^•frm^} 



6 

24.4 
7-4i 
4 

6 

•> 

o 

12-4 

5« 

8 

4 

8 

3 
6 

8-2 

12 

6 

4 

6 



Many. 

40 



4 

6 
3 

6-2 
4 

•> 

6-i5i 

8 
3 



21 

10 

Many. 

Many. 

Many. 

Many. 

150 



12«) 
Many. 

1 
750 
150 



200 

Many. 

300 



{ 



+ 31 
Flows. 

- 2 

+ 20 
-100 



- 80 

- 90 
+ 60 

-190 

-210 
-210 



-113 

+ 60 
4- 20 

- 5 

- 60 



Remarks. 



Flows at 60, 150, and 
im feet. 

Temp.. 62". 
Temp.. db70*. 
Water at 109 feet. 



Soft water. 

Water at 300 and 500 

feet. 
3 wells. 
Water :i50 and 435 

feet. 



2 wells reimrted. 

5 wells of old water- 
works. 

City waterworks 
comprising 13 weUs. 



Temp.,72«. 



Water at 200, 345, and 

500 feet. 
2 wells. 



- 55 
+ 14 

- 62 
No flow 
No flow 

- 18 



+ 20 



- 60 

+ 45 1 
-- 80 

- 60 

- 63 



Water at 42(t and 830 
feet. 



Temp. 70« . Water at 
:360.45<). and 515 feet. 

Temp.. 70". 

13 wells reported. 
Flow also at :«) feet. 

Sulphur water. 

2 wells, pure water. 



Water at 250, 300, and 
900 feet. 



Abandoned. 

Water at 340 and 440 

feet. 

Water at 130 and 450 

feet. 
Sulphurous water. 

Water at 430 and 672 
feet. 



> Record, Ga. Geol. Surv. . Bull. Na7.pp.l.'j6-157 
«Ga. Geol. Surv. . Bull. No. 7, p. 194. 
'Ibid, pp. 110-111. 
Mbid..p 110. 

*Ga. Geol. Surv., Bull. No. 7, pp 74-75. 
• Ibid., pp 87-SW. 
' Record, ibid., pp 114-120. 
"Ibid. pp. 176-177. 

•Ga. Geol. Surv., Bull. No. 7, p. 43. 
»nbid.,p.83. 



» Ri»cord, ibid., pp. 133-1**). 

Mbid..pp. 158-ir>9. 

3 Analysis, ibid., pp. 154-156. 

* Re<-ord. Ga. Geol Surv. Bull. No. 7, p. 131. 
'- Ga. (ieol Surv., Bull. No 7. p. IW. 

*■ Record and analysis, ibid., pp. 9i>-l(J2. 

• Record, ibid., pp. 125 126. 

- (4a Geol Surv. , Bull. No. 7, pp. 111-112. 
"IbuL.p H2. 
>" Ibid., pp. 137-138. 
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PUBLICATIONS RELATING TO DEEP BORINGS IN GEORGIA. 

Preliininary report on the artesian well system of Georgia, by S. W. McCallie, 
Geological Survey of (Georgia, Bulletin No. 7, 214 pages, plates, Atlanta, 1808. 

Artesian prospects in the Atlantic Coastal Plain region, by N. H. Darton, 
United States Geological Survey, Bulletin No. 138, 232 pages, plates, Washington, 
1896. 

IDAHO. 



Location. 



Boise. 



Bliss 

Clift 

Idaho City. 



Minidoka 
Oakley .. 
Owinxa.. 



County. 



Ada 



Lincoln 



Boise. 



Lincoln 
Cassia.. 
Lincoln 



Depth. 



Feet. 
450 



483 

4.50 

+400 

425 

±400 

4(0 



Diame- 
ter. 



Yield 

per 

minnte. 



InchcM. (railoHM. 
270 



8 
8 



Height 
water. 



Feet 
+ 10 



Remarks. 



Temp., 80*. Deepest 
of several wells. 
Hot wells average 
665 gallons per 
minute, and have 
a height of +30 
feet. Temp., 170°. 



Prospec*" well. Not 
in use. 



IliTilNOIS. 



Aledoi 



Algonquin ' 

Alton 

Amboy ^ 



Aurora*. 
Do. 8 
Do.r 
Do.* 

Austin* 



Beardstown*. 
BeUeville. . 
Belvidere * 

Do 

Benton 

Bethalto... 
Bradford . . 
Braidwood 



Cairo. 
Do 



Cambridge 
Cuniipoint 
Canton^ ... 



Do.' 



J>0.8 

Carbon Cliff "» 



Do.',... 

Carxni 

CarroUtou ' 



Mercer 



McHenry 
Madison . 
Lee 



Kane 

do.... 

do.... 

do.... 

Cook 

Pike 

Cass 

St. Clair . 

Boone 

...do.... 
Franklin. 
Madison . 
Stark .... 
Will 



Alexander 
do 



Henry . 
Adams. 
Fulton. 



.do 



.....do 

Rock Island 



do.. 

White.. 
Greene. 



3,115 

2,527 

890 
2,000 



663 
1,388 
2,270 
2,255 
1,205 
2,510 
1,070 

503 
1,»50 
1,832 

780 

i,a)o 

2,454 

900 

700-750 
1,025 

1,329 
1,006 
2,500 

l,646i 



2,333 
915 

950 
tMX) 



> U. S. Geol Surr., 17th Ann. Rept, 1895-96, 

p>art 2, p. 810. 
» Ibid, p. 810. 
* AnalysiB, ibid. p. 8S0. 
«U. 8. Geol. &x»rr., 17th Ann. Rept., 1895-9<J, 

put 2, p. 810. 



6-4 



8-6 



6 



8-4 
8-6 

5 

12 

8-6 

4 



9-6 
14-6 



^ 



Many. 



36-40 



350 



Many. 

100 

17 



400 

200 

3 

15 

Many. 



556 



74 

"iss" 

260 



400 



Many. 



- 75 



Flows. 
+ 3' 



+ 60 
+ 60 



- 35 

' "-86* 

- 6 

- 6 

- 12 

- 25 
-175 

At sur- 
face. 
+ 10 



-146 
+ '3i' 
+ 15 



+ 60 



Flows. 
- 50 



Water at 1,200 feet. 
Salty water from 
2,300 to 2,620 and 
8,071 feet. 

Bad water. Aljan- 
doned. 

2 wells; mineral wa- 
ter. 

Temp., 66" to 6()«. 
Water at 3a). 1,UJ0, 
and 1,700 feet. 



Water, oil, and gan. 

Saline water. 

Water from 655 feet. 

4 wells. 

No water below 750 
feet. 



Water from 2,(m 

feet. 
Water from 1,100 to 

1,306 feet and 1,403 

to l,646f feet. 
Unsucceasful. 
Bra(3kish water at 8150 

feet. 



Water from 1,225- 
1,330 feet. 



» Analysis, ibid., p. 827. 

« Record, 111. Geol. Surv. , pp. 61, 66. 

'Record, U. S. Geol. Surv., 17th Ann. Rept., 

l89f>-96, part 2, p. 849. 
» Record. 111. Geol. Surv .Kept., xo\.*,^v'^^*^- 
» Reoord,ibid.,pp.GVJft5. 
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1 LlilNOIS— Continued. 



Location. 



Ckmnty. 



Carthafj^ei i Hancock 



Do. » 



do 



Do.» do 

Do.» ..do 

Centralia« ' Marton 

Champaign Champai(fn 

Charleston Coles 



Do do 

Chatsworth* ; Livinfrston 

Chicago* Cook.. 



Do.' 

Do.. 
Do.» 



do 

.do 
do 



Chicago (Union Stock! do 

araif).' 



Ya 
Chicago 

Well). 
Chicago ( Swift & Co.) 



(Lehman do 

...do 



Chicago (Stockton) 

CoUinByiUe 

Columbia 

Coulterville 

Do 

Danville Junction . 

Decatur*. 



Macon . 
Dekalb : Dekalb. 



Do 
Do 



Do 

Do. 

Denver (near) 
Divemon 



Dixon»« 

East Dubuque 
East Moline . . . 

East Peoria ... 

East St. Louis. 



do 
do 



do 

do 

Bancoirk . . 
Sauffamon 

Lee 



Joe Daviess. 
Rrx^k Island 



Tazewell 
St. Clttir 



Eldorado 
Elgin »«.. 



Saline 
Kane 



Do.>« 
Do.»« 

Do. ■> 
Equality 




.... do 

Madison 

Monroe 

Randolph — 

do 

Vermilion ... 




Feet. 

i.nno 



1.000 

1.787 
075 
864 
400 

2,600 

748! 

i.aoo 

711 

1,400 
1,200 
1,105 

2,e04 



Diame- 



Yield 
^^- i mfoute. 



luchen. 
5-3 



las 



2,700 
2,180 jl 
2.186 '/ 
573 1- 
1,010 
1,117 
1,201 
2,008 



fior 
m) ' 

880 
890 

961 

700 
1,030 

004 
1,640 
1.790 
1.810 

940 
1.340 



6 



5 



5i 



8-fl 

10-« 
14-6 

6-4 



Gallons. 



Many. 



400 



840 



Heiffht 
water. 



Feet. 
- 16 



- 20 



-f 5 



Remarks. 



- 25 

- 13 

- 13 
At top. 



— 30 

-120 

- 10 



Many. 
Many, i 

Many. 
Many, i 
Many, i 
Not any 



— 25 

— 55 

- 65 

— 60 

- 40 

- 40 




Brackish water at 
about 750 and 1,000 
feet. 

Water at 865 and 975 
feet. 

Mineral water. 
Do. 

Unsuccessful. 

Salt water at 100 and 
815 feet 



Hard water, original 
head +77 feet. 

Original head +77 
feet 

Unsuccessful. 

Hard water. 



Brackish water. 



2 other wells. 

Water not pleasant. 
Water brackish. 
No gas or oil found. 
Brackish water at 
1,70') to 1,735 feet. 



Water 125 to 161 and 
.595 to HflO feet. 



Coal prospect. 
3 wells. 



7.50 and 1030 to 1080 
feet. 

Brackish water at 
317 and 734 feet 

Good drinking wa- 
ter, but unnt for 
Iwilers. 

Water at 487 to 514 
feet: sulphur wa- 
ter at (WO to 700 feet. 

Also Hulphur water 
at 6.50 to 700 feet. 

Sulphur water at 650 
to 700 feet; soft wa- 
ter at 2,024 feet. 

Also sulphur water 
at 6.50 to 700 feet. 

Very salt water at 900 
feet. 



» U. S. Qteo\. Surv.. 17th Ann. Rept., 1895-96, part 2, p. 810. 
« Record, 111. Qeol. Surv. Rept., vol. 8, pp. 64-^. 
» Record, ibid., p. 62. 



* Record. Economic Geology of 111., vol. 2, pp. 138-139. 
''Record Eco^'^*^^'* '*<^'^i'~^°^^ ^^^ '^'^^ ^ "^^^ /uii;_iUM 

• U. S. Geol. J 
' Ibid., p. 811. 



• U. S. Geol. Surv., 17th Ann. Rept 



»L 9, pp. [ 
,1895-96, 



part 2, p. 811. 



'' Record, Economic Geology 111., vol. 2, p. 186. 

• Record, Elconomic Geology 111., vol. 3, pp. .538-539. 
'» Analysis, U. S. Geol. Surv., 17th Ann. Kept., 1895-96, part 2, p. 827. 
' » U. S. Geol. Surv., I7th Ann. Rept., 18J».") «6, part 2, p. 812. 
'Mbid.. p. 812. 
>» Ibid., p. 812; Analysis, ibid., p. 827. 
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II.LINOIS-OontiDii«d. 



City »at 



lxx»ll™. 


Coanty. 




,„.«., 








.".'ir.".:: 

Morfnio 




Franklin v.:::::;::::' 




Fnlton" — - - .. 


Whltedde-. 






Jo DsTien... 




Do.' 


do 






■^iJ -:::::; 










IroquolB 

SE;!^:::; 








&;;;;;;;;■;;; 








1 
















PutlUUD 
















R;C.:::::: 








jKk«>nvm«"> 


-a".:;:;: 























KnaiTllle i 
L»dd".... 



Depth. 


"wT" 


tn^te 


IT 


Fttl. 


Iwht: 


Qallon, 


*?'■« 










8 




- gu 






l.SM 


E 


Ml 


+ .1 




« 


m 


+ u 




14-a 


19) 


-101 


fi 


1 


i 


-'I 




3 




s 


iS 

~ 10 


•nu 


1 






















m 


+ w 


2,SW) 


•« 


ISO 


t . 


wi 










* 


00 










«-4l 


30 


— IS 


s.m 


flt 


M 


+ 10 


3,028 


M-nt! ran 


-an, 


S.rtB 


is:! am 


m' 






"■a 


riowi 












3.0T« 


B-« 




1,*M1 


iai 




"1 


m 






1 




t 


]X, 


Flow-.. 



SIlsbtlTUllne watvr. 

Wfilte sulphur wa- 
ter. 

Water at 9i«j, l,.1ill., 
■nd l.TM) !■> ;;.SIIU 
feetiBllBhElyBAllni- 
udhmA. 

Also salty tad nul- 
phuroQB water at 
Bbantl.Ullifovt. 



V. a Qfol. Sorr., ITth Ann Sept.. IftlH-SH. part 2. p. HIS: Anal' 

III. Oeol. Horv., vol. 0, p. at2. 

U. 8. Oenl. Sarr.. lltb Ann. Kent., 1X95-%. part 3, p. 813. 

TUd., p. gl3i Aulfsla. p. K». 

AnnlVBlB. Am. Inst. Hluins Englaeera. Trans., vol. 27. p. 1:IS. 

V. a. (iMl. SoTT.. 17tb Aon, Rapt., 18B5-Bfl. part 2. p. SIS 

IhiA.. p »]3: AnalvBls, p. Fcn. 

r: 4 rin^l Uni«r l>th A«i, rpai. 



Anu. Bept. , 1885-99. part 3, p. 813. 

■pl.,ll«BI>-B9.partS,r.«H; / 

Record, ErODomio a«oL ni. , vol. 2, pp. tlia. 487. 
■ [;. 8.0ool.Hnrv..lTib Ann, Rspt.. IWS-W, part a, ji." 
Berord. Ibid., pp. TW, BM. 
l1dd..p.Slt; AniilyBta,11Hd..pMI 
IbliJ..n.Sl»l.lbld..p.Ml. 
U.S.Qeol.Sarv.,tTtb Ann Rept.D 
Calnmbla CoIkve.Scboal of AftneH 



111 Ge.)l.Hurv..vol.8,p.o:. 
IT. «. (Jeol Sorv , nth Ann, Bf 
ll>lcI..p.nU; Annlrals. Ibid., p. 
IhW „gU: Aoaly»i>,pp.SiW,i_.. 

Eronomio a«oL 111. , vol. i. pp. tXS. tST. 



i«ynarteriy,vol.l6,pp'2) 
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IlililXOIS— Continaed. 



Location. 



LasTUige 

Lake Foreiit * 
Lancaster'... 

LaaaUei 

Lemont 

LItchflold»... 



McLeansboro 

Macomb 

Do.* 



Marion 



Marima 

Maraeilles * 
Marshall ... 



Mattoon 



Mendon .. 

Mendota * 

Do.'.. 



Milan".. 
Do.» 



Millstadt 
Minonk.. 



Minorka. 
Moline>». 
Do.»> 



Monmouth 1* 

Do 

Do. »»-... 



County. 



Cook 

Lake 

Wabash 

Lasalle 

Cook 

Montgomery 



Hamilton ... 
McDmough 
do 



Williamw)U 



St.aair. 
Lasalle. 
Clark ... 



ColoH. 



Adams . 
Lasalle. 
do.. 



Rock Island. 
do 



St. Clair... 
Woodford 



Gundy 

Rock island . 
do 



Warren 



.do 
.do 



Do.>* ' do 

Monticello Piatt . 



Morgan Park Cook 

Morris'* I Grundy. 

Do ! do... 

Mount CarmeP* ....i Walwish 
Mount Carroll Carroll . 



I 



Murph y sboro ' Jackson . 



Oakpark Cook 

Do ' do. .. 

Olney " i Richland. 



Depth. 



Diame- 
ter. 



Yield 

per 

minute. 



Height 
water. 



RemarkH. 



For oil; unsuc(*e8sful. 



Fret. ' Inches, Gallons. Feet. 

2.nu • Noflow. 

WiU ao +50 

+H(K) 6 ' 

5itt I tt aoo 

l..'j*r> ' { (M) I 

<tt« ! Oil with salt water 

and gas. 
m) 8-51 3il 

\,mi I - .v» 

l.ftlO ! ; ..Water from 1,135 to 

! l.rJrtO feet. 
Flow. For gas and oil. Sul- 
phurous and salt 
I water found. 

:K> I Noflow., 

1 Flow. Flow is from 2«H feet. 

2 unsuccessful oil 

I I borings. 

8 I Many. Salt waU-r at SW feet, 

and very Halty at 



1.715 



flK5 

2.18tt 

5(N» 

1,047 



i.ciao 

657 

1,217 
1,157 

630 
1,755 



2,100 
l,Hi6 
1.628 



8-5 I 
7« 



818 

4 

100 



- 47 
+ 14 



a-io 

350 



+ 61 
- 75 



+ 46 
+ 25 
+ 82 



l,rj«) feet. 



Flows at 187 and 637 
feet. 

Water from 800 and 

Um feet. 
Hard water. 
Moderately hard 

water at 750 feet 

and at about 1,7U0 

feet. 



at 



Sulphur water 
about 700 feet. 

1,232 No flow water; no 

gas: no oil. 
1,400 , ft-4 210 - 60 

1,230 ' 200 - 60 Water from 1,074 to 

; , I 1,230 feet. 

(JO Water at «15 and from 
1,074 to 1,237 feet 



1 *>7 

A, mimI 

1,100 



Flow of mineral 

water also. 
Water at 1,040 feet. 



1,046 45 

' 4( W ; io V Many. Flow s. 

600 ' ; 

700 Borod for oil 



2.6IB 

500 

1.508 I 
2,200 
2,000 , 



5 ! Much water at 1,200 

feet: lew* from 1,3(K) 
to2,50(jfeet 

Good water at 400 
feet: saline water 
at 450 feet. 

Water from 1,529 
feot. 

Water from 1,600 and 
2.-J00 feet. 

Saline water. 



«i 



500 



20 
-211 
Noflow. 



i 



» U. 8. Geol. Surv., 17th Ann. Ropt., 18ft5-96, part 2. p. 814. 
« Record. Economi<' Geol. 111., vol. 3. pp. 58-60. 

* Record 111. Geol. Surv. . vol. 7. p. 37. 

* Analysis, U. 8. Geol. Surv., 17th Ann. Rept. , lWi5-9«, part 2, pp. «<I8, 827. 
ft Record, 111. Geol. Surv., vol. 8, p. 50. 

" U. 8. (Jeol. Surv., 17th Ann. Rept, 1805-96. part 2, p. 815. 

' Record, Minnesota Geol. Surv., i;Uh Ann. Rept.,, pp. 55, 56. 

«U. S. Geol. Surv., 17th Ann Rept , 1895-96, part 2, p. Mi). 

»Ibid., p. 815: Analysis, ibid., pp. 80H, 827. 

»o Record, U. S. Geol. Surv.. 17th Ann. Rept, 1895-96, part 2, pp. 847,848. 
"Record, ibid., p. 848; Analysin, ibid., pp. 808, 827. 
»« Record, 111. Geol. Surv. Reports, vol 8, pp. 62-66. 

»» Record, U. 8. Geol. Surv., 17th Ann. Rept., 1895-96, part 2, p. 848; Analysis, ibid., pp. 808, 827. 
>* Record, ibid., p. 848: Analysis, ibid., pp. 8ii8, 827. 
»» Record, Economic (ieol. 111.. vol. 2. p. 45i. 
*• Record in part, Econr>mic Qeol. IlL, vol. 3, pp. 386-387. 
>* UL Geol. Surv. Reports, vol. 7, p. 8. 
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UililNOIS-Continned. 



Location. 



Connty. I Depth. 



Diame- 
ter. 



Yield 

per 

minute. 



Height 

or 
water. 



Ottawa^ i Laaalle. 

Do.' do.. 

Palatin* Cook... 



Pana 

Paris 

Park Ridtre 
Paxtcm 



Pedicord 



PeUn. 
Do 



Lasalle. 



Tazewell. 
....do.... 



Peoria (opposite)* Peoria . 

Pern* Lasalle. 



Polo 

Potsdam ... 

Princeton • . 

Do 



Do». 
Quincy . 
Ramsey 
Red bad. 

Do.. 
Review. 

Do.. 



Riverside ^ 
Do 



Ogle. 



Bareaa 
do.. 



do 

Adams 

Fayette.... 
Randolph . . 
do 



Hancock 
do... 



Riverton* ' Sangamon 



Rock Island 10 

Do." 

Rockford»»-.. 



Do.»».. 
Rashville. 



St. Johns I « 

Do 

Savannah . 
Seneca 

Do.i».. 



Shelby ville. 



Rock Island. 

do 

Winnebago . 

do 

Schayler ... 

Perry 

do 

Carroll 

Lasalle 

do 



Shelby 



Christian 

Edgar 

Cook 

Ford 



Feet 
400 



1,840 

1,656 

2,507 
2,200 
1,500 
2,100 or 
2,600. 
2,189 

8ti0 
1,000 



734 
1,300 

2,008 
1,500 
2,500 
2,002 



400 

550-1,000 

+400 

580 
1,350 
1,400 
1,233 



{ 



(180 
1.3001 
2,200/ 
2,584 



1.150 

2,382 

l,d00-l,9»tt 



400 
2,500 

1,050 

3,750 

1,432 

600-650 

680 



1.200 



Remarks. 



1 




t 


Inchea. 


Gallons. 


Feet. 






+177 

+2 








Few. 
Not any 

Maiiy. 

8 


8 
6-3 




-10 




At sur- 
face. 




6* 


167 


+65 

+60 
+120 




200 

Many. 
Many. 










-?i 


9MI 


320 














3 

4 
6 


4 


+ 7 
-20 




206 

35 
1,000 


54 

+63 

+20 




3 


1 

4 

8-t« 

8-6 

6 


400 


+70 
+50 

+ 8 

- 8 


lltj-3tt0 




— 


6 








500 


+83 




4 

6 




+15 
Flows. 









Has 20O wells 400 feet 

deep. Water from 

290 to 400 feet. 
Water from 1,640 to 

1,840 feet. 
Water at 160 and 800 

feet. 
Brackish water. 



Water from Potsdam 
1,845 to 2,143 feet. 

Salt at 600 feet. 

Salt water at 425 f oet. 
Lower water 
strongly sulphur- 
ous. Temp., <0°. 

Sulphur water. 

Water at 750 feet 
also. 



Water hard, slightly 
saline from 1,^1 to 
1,670 feet and 1,850 
to 1,975 feet. 

Swells. 



Temp., 62*. 

Salt water from 600 

to 1,008 feet. 
Mineral water. 



No gas, oil, or water 
found. 

Sulphur water at 
750 and 980 feet. 

Also Hulphur water 
at 800 feet. 

Five welbi. Water 
from 380 to 400 feet 
and 1,200 tu 1,300 
feet. 

Water has unpleas- 
ant taste. 

6 salt wells; brine at 
970 feet. 



2 ^ells. 

Water, which is hard 

and sulphuroii.'^, is 

from m) and mt 

feet. 
Water is saline, and 

from 625 feet. 



> U. S. (Jeol. Surv., 17th Ann. Rept., 1«95-JH>, part 2, p. 816. 

« Record, ibid., pp. 798-799. 

3 Ibid., p. 816. 

< Economic Qeol. of 111. , Vol. 2, p. 449. 

•Analysis. U.S.Gteol Surv., 17th Ann. Rept., 189i>-n6, part 2, p. 828. 

« U. S. Geol. Surv., 17th Ann. Rept., 1805-96, part 2, p. 816; Analysis, ibid., pp. 808, 828. 

' Record, Economic Geol. ot III, vol. 3, p. 178. 

" Record, III. Qeol. Surv., vol. 8, pp. 64-4i5. 

• ni. Geol. Surv. Reports, vol. 8. p. ♦K. 

»«U. S. Qeol. Surv., 17th Ann. Rept., 1895 96, part 2, p. 816; Analysis, pp. 808, 828; Record, pp. 
84^-846 
»» Ibid., pp. 817,845. 
»«Ibid., p. 816; Analysis, p. 828. 
1* Analysis, ibid., p. 828. 
»* 111. Geol. Surv., vol. 7, p. 38. 
»» U. S. Geol. Surv., 17th Ann. Rept., 1895-96, part 2, p. 817. 
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IliMNOIS— Continned. 



Location. 



Sheldon 

Shawneetown > 

Do.« 



County. 



Iroquis. 
Gallatin 

do... 



Sparta > I Randolph.. 

Sprinfrfleld ' , SanKamon 

Sterling* Whiteside 

Streator* Lanalle 

Doucrlas... 



Tuscola ... 

Do 

Vermilion • 



r 

Lasalle. 



Virgrinia 

Washiufftfjn Heights. 

Warsaw 

Do 

Do 

Waterloo 



Waukegan 



Wenona 

West Frankfort 
Wilmington' ... 



Winchester 
Winnetka*. 



Do 

Woodstock 
Do 



Caas 

Tazewell. 

Hancock . 

...do... 

do... 

Monroe .. 



Lako 

Mar shall. 
Franklin . 
Will 



8c(itt 

Cook 

do -. 

McHenry 
.. .do 



Depth. 



Feet 
1,800 
1,513 

1.500 



4^ 
Nearly 
1,300. 
1.450 

2.496 

, 792 
• 3,000 

i.ono 



750 

1,30H 

780-800 

750 

860 

1,0»J 

1,135 
1,600 
2,005 
1,854 
465 
635 



I 



412 

1,57(1 

1,900 

1,014 

410 



Diame- 
ter. 


Yield 

per 

minute. 


! Heiffht 
1 of 
water. 


Jnche$. 
10^ 


OalloHB. 
100 


Feet. 
' -40 

..I 




1 

1 






-75 
No flow. 

At sur- 








360 




face. 
+45 

1 


»-6 


1 — 




Many. 


Flows. 




.••-. •>•• 


1 


4 

6 
6 
9*-7i 


100 

90 

200 

20 

..... .... 

......... 


+ 65 

+ 155 
+ 62 



- 








i 




100 


— 25 




4i 




46 
+ 25 




150 




500 




5 




-130 







Remarks. 



For oil, onlv salt 

water founa. 
At 500 feet, small 

vein gas; at 1.50U 

large quantity salt 

water. 



Water at 450. 2,170 
to 2,496 feet. 

Temp., 600. 

Flows begin at 380 
feet: water slight- 
ly saline. 

Water at 790 and 760 
feet; unfit tor 
drinking. 

3 wells; water sul- 
phurous. 
Do. 

Original head +96. 

20-gallon flow at HO 
feetalso. Temp.,50**. 

krony water; 3 wells. 



Coal prospect. 

Sulphurous and mag- 
nesia water from 
400 to 635 feet. 

Water from 360 feet. 

Original head, +18 
feet 



» U. 8. Geol. Surv. J7th Ann. Kept., 1895-96, part 2. p. 817. 
'Ky. Oeol. Surv. Kept. Petroleum, Natural Gas, etc., by E. Orton, p: 305. 
» 111. Geol. Surv. Reports, vol. 6, p. 312. 

« Analysis, U. S. Geol. Surv., 17th Ann. Rept.. 1895-96, part 2, p. H28. 

*Ill. Geol. Surv., vol. 7, pp. 50, 59; Record, U. S. Geol. Surv.. 17th Ann. Rept., 1H05-96, part 
2, p. 798; Analysis Ibid., p. ^1. 
•U. 8. Geol. Surv., 17th Ann. Rept., 1896-96, part 2, p. 818: Economic Geol. Illinois, vol. 2, p. 235. 
' U. S. Geol. Surv., 17th Ann. Rept., 1896-96, part 2, p. 818. 
» Analysis, U. 8. Geol. Surv., 17th Ann. Rept., 1895-96, part 2, p. 828. 

PRINCIPAL PUBLICATIONS RELATING TO DEEP BORINGS IN 

ILLINOIS. 



Dlinois G^logical Survey, Reports on G^eology and Palipontology, volumes 5, 
1873; 6, 1875; 7, 1883^and 8,' 1890. 

Economical Geology of Illinois, by State geologist, volumes 2 and 3, Spring 
field. 1882, 

The Water Resources of Illinois, by Frank Leverett, United States Geological 
Survey, Seventeenth Annual Report, 1895-96, part 2, pp. 695-849, plates, Washing- 

tou, i8ua. 
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INBIAl^A. 

The nnmeroas deep borings in Indiana are for oil or gas, bat a few of them 
yield water sapplies. The wells are in groups or *' districts,** often many stiuare 
miles in extent. Where localities given in the following list are in districts, only 
representative wells are described, for it would not be practicable here to list all 
the individaal wells. In some localities new wells are constantly l)eing sunk. 



Location. 



County. 



Adams 



Decatar 



Alexandria Madison 



Amboy 



All)any«... 
Albion»... 
Anderaon* 



Do.» 
Arcadia* 
Atlanta.. 
Attica.... 
Aabam . 
Aurora^. 



Bloominffton * 



Bluffton 
Do.» 



Miami 



Delaware 
Noble... 
Madison . 



do 

Hamilton ... 

.....do 

Fountain ... 

Dekalb 

Dearborn... 



Monroe 



Wells 
do 



Boone Landing < Floyd... 

BoonTllle Warrick 



Boonyille (4 miles 
west). 

Boonville 

Bridgeport »• 

Briflfhtwood 

Do *-".'.*..""".".'.'.".'; 



Broad Ripple 

Brookville (4 miles 

sonth).>i 
Brownstown** 



do.... 

do... 

Marion . . 
Marion . . 

do... 

...do... 



..J. 



Bryant 

Bunker HiU» 

Butler 

Doi« 



Cadiz 

Cambridge 



Camden 

Cannelton . . 

Carbon (2 

south). 

Do 



miles 



do... 

Franklin. 

Jackson.. 



Jay — 
Miami 



Dekalb 
do. 



Henry . 
Wayne. 

Jay 

Perry . . 
Clay.... 



Depth. 



Feet. 

± 8on 

881 
W) 

978 
1.914 

80U 

8(J0-9IK) 
974 



Diam- 
eter. 



Inckes. 



Yield 

per 

minute. 



Oallons. 



l.UUO 



2,730 
100-500 

i.aoo 



8 



l,4ai 
1,500 

l.JJOO 

i.ajo : 

455 ) 
476 

1,181 

+ 950 
1,2.>4 

1.891 



1.050 

+i,aH 

600 
3, !:«♦ 



10 or 18 
12 



8 



139 



+ 886 



9:ki 



do 



1 •»■ 
1 , .... 



Height 
water. 

Feet. 



-» 



Flows. 



No flow. 
No flow. 

Flows. 



- 15 
- «0 



-291 



- 20 



^» 



-150 



>•> 



10 



- 40 



Remarks. 



Uas well. 

Gas wells. 

Salt water at 385 
feet. 

Qas well. 

For gas: unsucceeful. 

Water. mineral; city 
supply in i>art. 

Qas wells in vicinity. 

Gas welL 
Do. 

Sulphurous water. 

Gas wells. 

Brackish water at 195 
feet, brine at KM 
feet, and gas at 267 
feet. 

No good water; aban- 
doned. 

Hard water. 

For gas; unsuccess- 
ful; salt water. 

Qas wells. 

Gas well. 



Salt water. 
Gas well. 
Several wells. 
Railroad well. 
Some gas, oil, and 

salt water. 
Gas wells. 
Do. 

Flow of magnesia 
water at 565 feet; 
salt water at 1,891 
feet. 

Oil well; abandoned. 

For gas: un8uc<?es.s- 
ful; saltwater. 

Hard water. 

For gas. unsuccess- 
ful; salt water. 

Gas wells. 

For gas; unsuccess- 
ful. 

Gas wells. 

Water and oil. 

Not successful. 



Good water at 350 
feet. 
Carmel Hamilton ; ...i. , .t ... , Gas well; small prod- 

i i I . I urt. 

» Record, Ind. Geol. and Nat. Hist. Surv., 16th Rent., 1888, pp. lH»i, 187. 

« Record, U. 8. Geol. Surv., 11th Ann. Rept., 1889-90, part 1, p. 715. 

•Ibid., p. 737. 

•U. 8. Geol. .Surv., 18th Ann. Rept., 1896-97, part 4, p. 487. 

» Record, U. S. Geol. Surv., Uth Ann. Rept., 1889-90, part 1, pp. 711-713. 

•Ibid., p. 099. 

T Ibid., p. 706. 

• Record, Ind. Geol. and Nat. Hist Surv., I5th Rept., 18KS-86, p. 332. 

• Record, U. S Geol. Surv., 11th Ann. Rept, 1889^, part i, p. 740. 
»» Ibid., p. 701. 

>» Record, U. S. Geol. Surv., 11th Ann. Rept, 1889-90, part l,p.707. 
«»Ibid..p.?26. 

1* Ind. Geol. and Nat. Hist. Sem., 16th Ann. Rept, 1888, p. 186. 
»« Record, U. 8. Geol. Surv., Uth Ann. Rept, 18^90, part l,p.Taa. 
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INDIANA— Continued. 



Location. 



Ckmoty. ' Depth. 



Feet 



Carthage^ Rush 

Centerville Wajme ' + «H« 



Chandler . 



Charlottesyille. 
Chesterfield* .. 

Cioero 

Circle ville 



Colombia City 

Colnmbus^ 

Como 

ConnersvlUe * . 
Converse 



Do.«. 
Corydon. 



CoyinfiTton (8 miles 
below). 

Cowan 

Crawf ordsviUe • 



Crown Point*. 



Do. !».... 

Cumberland 

Daleville 

Dal ton 



Danville. 
Do... 



Decatur** 



Deer Creek (one-half 
mile south). 



Delphi »V 



Do 

Delphi ( 2 mfles south- 
west).'* 
Delphi (northeast) . . 



Delphi (southeast, at 
water tower). 



Delphi (southeast) . 
Delphi (northwest) 



Desoto 

Dublin .... 
Dunkirk... 
Dunreith.. 
Earl Park . 
Eagletown 



Eaton '4 



Warrick 



1,505 



Hancock . 
Madison . 
Hamilton 
Tipton... 



Whitley 



Diame- 
ter. 



Inches. 



' Yield Heieht 
I per I of 
t minute, water. 

(f<iflon». Feet. 



Remarks. 



Bartholomew 

Jay 

Payette 

Miami 



94» 
+1*678 ' 
1,375 
1.700 



do 

Harrison ' . , 
do 



Fountain 

Delaware 

Montgomery 



Lake 



.....do.... 
Marion... 
Delaware 
Wayne... 



Hendricks 
do 



Adams . 
Carroll. 



do 

do 
do 

.do 

do 




Delaware 
Wayne... 

Jay 

Henry ... 
Benton .. 
Hamilton 

Delaware 



851 
aOO-435 

900-030 

i.auo i 

423-728 



1,000 

+ 935 
1.5U 



1,3«5 

3,300 
+1,169 
+ 870 
+ 980 

830 
1,500 

1,300 

± 840 

914 

1,300 
9:5? 

947 

1.315 

1.385 

■"i,25(y 
± 925 

"i',m 



8-5| 



21) 



—120 



8-6 



30 



ft-4 



6-4 
ft-4 
()-4 

6-4 

6-4 



Flows. 
Flows. 



250 



Gas near 1,257 feet. 

For gas; un.succe8»- 
ful. 

2 flows of salt water 
and some gas. 

Qas welL 
Do. 

Gas well. 

For gas; unsuccess- 
ful. 

For gas; unsuccess- 
ful. Salt water. 

Gas well. 
Do. 
Do. 

Hard water; brack- 
ish water at 435 feet. 

Uas wells in vicinity. 

Gas boring. 

Fresh water 30-130 
feet ; also salt water 
in lower strata. 



Gas well. 

For gas; unsuccess- 
ful. Sulphur wa- 
ter at 750 feet. 

For gas; unsuccess- 
ful. Salt water. 

Not Huooeasf ul. 
I Salt water. 

Gas well. 

For gas; unsuccess- 
ful. 

Abandoned. 

First water at 700 
feet. 

For gas; unsuccess- 
ful. Salt water. 

Oil at 825 feet; salt or 
mineral water at 
8:» feet. 

For gas; unsuccess- 
ful. 

Salt or mineral water 

at 92:i feet. 
Bait or mineral water 

at 928 feet; also oil. 
Salt or mineral water 

at 922 feet; also oil 

and gas. 
Salt or mineral water 

at 8i(8 feet; also oU 

and gas. 
Salt or mineral water 

at 92!) feet. 
Ga.s welL 
Gas well. 
Gas wells. 
Ga.s well. 
Abandoned. 
Gas well; small prod- 
uct. 
Gas welL 



» Record, U. S. Geol. Siirv., 11th Ann. Kept , 1889-90. part 1. p. 704. 

aibid.. pp. 709-713. 

» Record, U. 8. Geol. Surv., 11th Ann. Rept, 1889-90. i)art 1, p. 736. 

*Ibid., p. 722: U. S. Geol. Surv., 18th Ann. Rept., 1896-97. part 4, pp. 

^U. S. Geol Surv., llth Ann. Rept., 1889-90, part 1, p. T2\. 

•Ibid., pp. 090-691. 

' U. 8. Geol. Surv., IHth Ann. Rept., 1896 97, part 4, p. 488; Record, U. S. Geol. Surv., llth Ann. 



487-488. 



Rept, 1889-90. part 1, p. 725. 

« Record, V. S. Geol. Surv., llth Ann. Rept., part 1, 1889-90, p. 729. 
•Ibid., p. ro4. 

*® Borings preserved in county auditor's office. 
" Record, U. S. Geol. Surv., llth Ann. Rept., 1889-90, part 1, p. 740. 
i "Ibid., p. 781. 
I la t>.ww.«^^ B£ich. Geol. Surv., 1881-1893, p. 54, pi. 14. 

, U. S. Qeol. Surv., llth Ann. Rept. , 1889-90, part 1 . p. 713. 
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INDIANA— Continued. 



Location. 



Coanty. 



Edinbnrg* ' Johnson 



Depth. 



Feet. 
1,583 



Diame- 
ter. 



Yield 

uep 

minute. 



Height 
water. 



Inche*. GailoHH. 



RomarkH. 



Elizabethtown Bartholo- 
mew. 
Elkhart* Elkhart 

•Elwood ; Madiaon 

Enfrlish (8 miles | Crawford ... 
sonth). 

Do I do 

English, Clark well*. do 

EvansTiUe ! Vanderlmrg. 

Do* do 



Do I ....do 

Fairmotint* Qrant 

Farmland* Randolph.. 

Fisher's Station | Hamilton . . 

Flora Carroll .... 



Florida Madison 

FoDtanet i Vigo 

Fontanet (one-half I do... 

mile aoath west ) . 
Fontanet (3 miles I do 

southwest). 

FortriUe Hancock 

Fort Wayne Allen. 



Fort Wayne (Bass 
foundry.) 

Fort Wayne ( Abott's 
addition). 7 

Fort Wayne (court- 
house >. 

Fountain CJity 

Francesville 



Frankfort •. 



Frankfort (4 miles 
east). 

Franklin » 

Frank ton 

Fulton 



do 
.do 
.do 



Wayne. 
Pulaski 

Clinton 

do.. 



Galveston »•. 
Do 

Garrett 

Glen wood ... 



Johnson 
Madison 
Fulton . . 



Cass 

do.. 

Dekalb. 
Rush... 



Goshen >i Elkhart 

Gosport Owen ... 

Greencastle I Putnam. 

Do 1 do... 



+ 
+ 



914 
ttl5 



I 



Ft'vt. 

- 83 i For gas; salt water 
only. 
Gas well. 



036 
TCM) 

887 
648 



5J 1 1 Flowed.' For gas: unsuccesH- 

ful. Salt wat««r at 
.'V5() feet. 

Gas well. 



I 



1.100 

1.829 

1.500 
600-1.000 ! 
1.017 ' 

"i'i.ioo' 



3 

8 



11 

8 



8-4 



f 36 
+ 50 



± 400 
440 

1,451 

(?) 
250-460 

1,458 

1,900 

3,000 

+1,086 
+890 

1.446 

1.105 

1.113 

840 

1,150 

860 
934 



Greenfield >• 



Hancock 



+950 
2.069 
928 
1,200 
2,0a>-2,700 



8-4 



Many. 
Many. 



- 1:$ 



6, 000 in 
all. 



G iM at 44 »t foot: salt 
water at tWH f«.«t; 
fK>me oil. 

Several wellH: brack- 
ish water. 

Salt water at 1.400 
leet. 

Gas wells. 

Do. 

Do. 
Salt water at 1,()40 

feet; also oil. 
Gas well. 



Water at 400 feet. 



Many 



Flows. 
+30 



6 

8-4 



Flow. 



Salt water only. 

Small ga« well. 

For gas; unsuccess- 
ful. 

For gas: unsuccess- 
ful: salt water. 

White sulphur 
water. 

For gas; un.'^uccess- 
tul. 

Several borings; 
water at several 
horizons. 

Gas wells. 



* Ky. Geol. Surv. Petroleum. Natural Gas, etc., by Orton, pp. 197-98. 

* D. S. Geol. Surv., 11th Ann. Kept.. 1889-90. part 1. p. tt85. 

* Ibid., pp. 088-680. 
' Analysw and record, Ind. Geol. and Nat. Hist. Surv., ItJth Ann. Rept., 1888, pp. 129-130. 

* Record, U. 8. Geol. Surv., 11th Ann. Rept, 1889-90, part 1, p. TJO. 
•rbid..p.?27. 
Record, Ind.Oeol.and Nat. Hist., /9th Ann. Rept , 1894, p. 3i 

»» Record, U.S. Geol. Surv., 11th Ann. Rept, 1889^90, part 1, p. 735; Mich. Geol. Surv., 1881 -1H93, p. 
60. pi. 19. 



Gas wells. 

— 6(?) 54 weUs at water- 
works. 

For gas; unsuc< ess- 

ful. 
—900 For gas; unsuc<-es.H- 
ful; mineral water. 
— 8 For gas; unsuccess- 
, ful. 

' Do. 

Oil and gas; un.suc- 

cessful. 
-aw I Salt water at 1,20<) 
feet. 

For gas; unsuccess- 

I ful. 



Gas well 
Salt water 
abandoned. 



only; 




'28. 



10 Record, Ind.Oeol.and Nat. Hist., /9th Ann. Rept , 1894, p. 39. 
iiH - 

).pl 
"Record, U. 8. Geol. Surv., Uth Ann. Rept., part 1, pp. 701-702. 



IBB 57—02- 
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INDIANA— Continued- 



Location. 



Greenfiburgi 

Gre«3nHboro (near) 

Greeutown 

Greenwood 

I>o.« 



Coanty. 



Depth. 



Diame- 
ter. 



Yield 

per 

minute. 



HeiKtit 
water. 



Remarks. 



De<*atar 
Henry .. 
Howard . 
JohuHon 
do .. 



HiM^erstown ... 

Hammond 

Hartford 

Hartford City > 



Hartflville. 
Hebron ... 



Herbflt SUtion 
Honey Creek... 
Huntington^... 



Huntsville . . 
Indianapolis 



Do.*.. 
IrviuRton 
Jasi)er — 



Wayne 

Lake 

Jay 

Blackford.. 



Bartholomew 
Porter 



Grant 

Henry 

Huntington 



Madison 
Marion . 



Ftet. I Inches. Gallong. Feet. I 

tm-im ; i ! NumerouB gaa welli. 

' ' Oaswell. 

9»J3 i ! Do 

m) j j -45 Water from 33) feet. 

l.»75 I ' I —340 For ga**; unsuccess- 
ful: water at l^tMO 
I and 1.8i'>5 feet. 

706-1,035 Several gas wells. 

IJOU-I.WJI) ! Several wells. 



i^835 
900-1, tMIl) 



+861 



1,045 ' 
+980 I 
l.tfJT 



- 8; 



do. 

do. 

Dubois 



»50-l,«J» 

1,530 

mi 

1,100 



8 



Jeffersonville « Clark , 960-1,216 



Joliet I Hamilton 

Jonesboro' Grant 

Kempton" Tipton... 

Kendallville .• Noble.... 



935 I 
1,035 i 
+1,930 j. 

1.300 ,. 
1.335 
1.089 
1,089 I 
±1,5*10 I 

Kokomo^" ' Howard J 930-l.(X» 



Kentland ' Newton. 

Do ; do... 

Kewanna* ' Fulton.. 

Kirklin , Clinton. 

Knox I Starke. 



Do 
Do 



do 
-do 



Knightstown Henry . 

Lacrosse (3 miles i Laporte. 
distant). 



Lafayette 11 .. 

Do 

La Fontaine'^ 

Lapelle , 

Laporte 



L^canoe 
o 

Wabash..... 

Madihon 

Laporte 



838 

410 

1,(100 

930 



Many. 
Many. 



Larwell»« I Whitley 



Lawrence I Marion 

Lawrenceburg i Dearl)orn . 

LebanoQi^ ' Boone 

I 

LeeHbu rg , Kosciusko 

Libi^rty >' Union 



1,593 I 
1,015 j 
!!llV35d-l,H4o' 



- 60 
-'84' 



Flows. 



Flows. 



At sur- 
face. 



-300 
-315 



1.800 
5)71 



Gas welN. 

Over 1,000 wells for 
oil and gas in the 
county. 

Gas well. 

For gas; unsuccess- 
ful. 

Gas well. 

Ga* wells. 

For gas; unsuccesa- 
ful. 

Gas well. 

For gas: unsucceas- 
ful. 
Do 

Gas well. 

Salt water at 460 f evt, 
gas at 600 feet, oil 
and mineral water 
at 955 feet. 

For gas; unsncceas- 
fuL 

Gas well; small flow. 

Gas well. 

For gas; unsuccess- 
ful. 

Do. 
Do. 
Do. 
Borings for sas or oil; 

unsuccessful. 
Gas wells; much salt 
water. 



Gas well. 
Good water. 



Gas well. 

Gas well. 
Do. 

For gas: unsuccess- 
ful. 

For gas: unsuccess- 
ful: saltwater. 

Gas welLs. 

Several wells: saline 

water at 400 and 

l.aTOfeet. 



8-10 1 For gas; unsuccess- 

I , ' ful. . 



* Record, U. S. Geol. Surv., 11th Ann. Kept., 1889-90, part 1, pn. 7(J3-704. 
«Ibid., p. ?38. 

■3 Ibid., pp. 678-681. 
» Ibid., p. 739. 

* Record, Ind. Geol. and Nat. Hist., 1885-86, loth Rept.. p. 331. 

•« Record, U. S. Geol. Surv., 11th Ann. Rept.. 1889-90, part 1 . p. 734. 

'Ibid., p. 688. 

«Ibid..p.6W. 

»lbid..p.7:W, 

"Ind. Geol. and Nat. Hist. Surv.. 188.5-S6. l."ith Ann. Rept.. pp.;tj:i-:fci»>; U. S. Gool. Surv.. 1 1th Ann. 
fiept., 1889-90. part 1. pp. 891-693. 

»» Ind. Geol. and Nat. Hist. .Surv., 1SK.'>-.h«). I5th Ann. Rept., pp. 69-71. 

i« Record. eto.. U. S. Geol. Surv.. llth Ann. Rept.. 1889-'90.part l,pp.689-690. 

»» Ibid., p. 7:*. 

'>*Ibid..p.730. 

««Ibid.,pp.730-.?31. 
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tNT>IANA— Contiuued. 



Location. 



County. 



Uberty (8 mlleB j Union 

from). 
Lodi> Fountain 

Logansport' Cass. 



Depth. 



Yield. Height 

ter P®*" ^^ 

I minute, water. 



Diame- 



Bemarkfl. 



F'eet. Inchen. 
1,000 I 8-10 



IxKif^ootee ; Martin 

Loeantville i Randolph... 

McCordsville Hancock 

Madison* Jefferson 

Marion* Grant 

Markle i Huntington . 



Markleyille Madison 

Martinsville Morgan . 

Do. * .... do... 



1,155 
+ 1,075 



1,200 
1,106 



Meohanicsburg; , Henry . . 

Medary viUe c6 miles | Pulaski . 

west).* i 

Michigan City Laporte. 



1,004 

-f8«6-l,010 

1,700 

»72 

1,472 

668-704 



10 



Gailima. Feet. 



35 



4 

8 



5-6 



Michigan City (1 mile 

we«t).' 
Middle ton. 



do 



Henry 



Mifflin « I Crawford... 



MiUhousen i Decatur. 

Milroy 




1,090 

819,833 

541 

+985 
1,180 



UOOO-IJOO 



Millgrove 
Mit<:heU 

MoBon' 



Monticello 



Monrovia .. 
Montezuma 

Do 



Morgan 
Parke . . 



Monticello* 



.do 



White. 



Montpelier**. 

Do 

Mooresville 



Blackford- 

. ...do 

Morgan 



Morgantown do. 

Morriatown" Shelby 

Meant Summit * ' Henry 



±925 
+1,2(0 

±920 
+880 

+1,050 

±1,500 
1,675 

1,700 



+1,150 



975 

808 

±1,500 

l,0tt5 



6 



+ Hi 
Flows, 



—700 

Flow. 

Flows. 



30-35 Flow. 



300 i 



+22 



-30 

Nearly 
to sur- 
face. 
Nearly 
to sur- 
face. 
-550 



Many. 
475 



+ 115 

Rises 
to sur- 
face. 



-(550 



Flows, 



For gas; uhhuccoss- 

ful. 
For oil; yii-lds inin- 

f'ral wat«»r. 
Several lK)rinfir for 

(fas; unsuo<'«»Hsful; 

sulphur water. 

For gan; uiiHUrot'SN- 
ful. 

Gas well. 

For Kas; \insiuMM'ss- 
ful. 

Numerous uan wells; 
some yield oil. 

White sulphur wa- 
ter. 

Qas well. 

For (cas. 

Six wells of ininenil 
water. 

Gas wells. 

Salt water and oil. 

Temp.. 57". Sulphur 
water. 



Qas wells. 

Some oil at i:ii> feet 

and some ga.s at 

1.180 feet. 
Several gas woIIh. 
For ifas; unsucceHS- 

ful. 
Gas wells. 
For gas: saline water 

at 1,300 feet. 
Salt water at H^O 

feet. 

Gas boring; salt wit- 
ter at 880 feet. 

Salt water at I.OTjO 
feet. 

Water at 4<V) and 
1,100-1,200 feet. 

Salt water at -MH) and 
450 feet: sulphur 
water at 1,200 feet, 
which rose to + KiO 
feet. 

For gas: unMucces.s- 
ful; salt water at 
1,150 feet. 

Gas well; hard water. 



Nearly 
to sur- 
face. 

—421 

—7'A) 



Gas boringH; frenh 
water at <0 and m\ 
feet: saline water 
at 1,10«) feet. 

921 ' —421 Gas well; much salt 

water. 

1,082 —721) I Gas welis: salt water 

I at 1,020 feet. 

» Record, Ind. Agricultural and Geojfraphical Repts . 1869. pp. 29-31. 

2 Record. Ind. Geol. and Nat. Hist., 19th Ann. Rept.. 18JU, p. :te; U. S. Geol. Surv., Uth Ann. Rept., 
18W>-90.partl,p.7a2. 

» Record, U. S. Geol. Surv., 11th Ann. Rept. , 1889-90, part 1, p. 723. 
« Ibid. pp. 685-687. 

* Recordand analysis, U. S. Geol. Surv. . 18th Ann. Rept. , 189(W97. part 4, pp. 490, 498. 
« Record, Ind. Geol. and Nat. Hist. Surv.. 17th Ann. Rept.. 1891, p. 315. 

' Record, ibid. and U. 8. Geol. Surv. , 18th Ann. Rept., 18tM)-97. part 4, p. 491. 
•• Record, Ind. Geol. and Nat. Hist. Surv., 17th Ann. Rept.. 1891. pp. 311-312. 

• Record, U. 8. Geol. Surv., 11th Ann. Rept., 1889-90, Part 1, p. iSL 
»• Ibid., p. 680. 

>»Ibid., p. 708. 
••Ibid., p. 708L 
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IXDIANA— Continued. 



Ixtcation. 



County. 



My»*r;* Hamilton 



Depth. 



Feet. 



Yield Height 

ter ' P®^ ^^ 

' minute, water. 



Diame 



Remarks. 



Muncie 



I>o« 

Nashville ... 
New Albany 



Delaware . . 



do. 

Brown 
Floyd . 



870-955 
1,0I)H 

aou-sau 



Inches, /Jnllonu. Feet. 



-aoB 

Flows. 



New Britton Hamilton . 

Newburg I Warwick . 

Nowcastle* ...: Henry 



+400 



New Corner ! Delaware 

New Palestine i Hancock . 



Gas well; small 

product. 
Nomerous wells in 

vicinity. 
Brine at l.aoo feet 
Two wells. 
For gas; nnsoooess* 

ful. 
Gas wellfl. 



Noblesville* .J Hamilton 

North Madison ■ Jefferson — i 

North Manchester * J Wabash .' 



North Vernon « Jennings . 

Oakville Delaware 

Ogden I Henry 



1,000 



1,500 
+ 1.180 

:4:1,4<K) 



Osgood 



Oxford (5 miles 8W) 

Palestine^ 

Paoli 



Parker (1 mile north) 

Pendleton" 

Perkinsville 

Peru" 



Ripley 



Benton.. 
Hancock 
Orange . 



060 
637 

i.ooo" 



Randolph ... 

Madison I 

Madison I 

Miami 900-1,060 



6 



±800 



Peru (2^ miles do 

north ).»•> 

Petersburg i Pike . 

Do ! do 

Petersburg (one-half ; do 

mile east). 
Petersburg (Smiles do 

northeast). | 
Petersburg (one-half ' do 

mile north). , 



Petersburg (1 mile ■ do. 

north). I 

Piprc(» ville Ripley 



1,042 
1.161 

i.aoo 

1,310 

1.300 
1,^X) 



1.700 



905 
1.385 



Several gms wells 
with flows of salt 
water. 
Gas well. 
-400 Salt water at l.OQB 
I I feet; some gas at 

! I 6S5 and 900 feet. 

; I Gas wells. 

Many. -]»0 I 

—190 I Gas boring: unsno- 
cessful; salt water. 
Do. 
GaswelL 
Do. 

5 ' I Gas boring; small 

supply. 



Gas welL 

Sulphur water at S50 
feet: salt water at 
flOO feet: lithia wa> 
ter at 1,000 feet. 
Do. 

Gas well 

Boring for oil and 

SiUt water at 1,042 

feet. 
Blue lick water. 
Gas well. 
Salt water at 000 and 

1,310 feet. 
Salt water at 600 feet. 



10-51 1 



10-4 



30 



Plainfleld , Hendricks. 

Plymouth '» 1 Marshall i + l,3tt8 

Point Gabel i Grant 

Portland'" ■ Jay 



To sur- 
face. 
-50 



Flows. 

-80 



Princeton 

Do 

Red Kev 

Reels villo (near). 



Gibson . . 
..-do.... 

Jay 

Putnam. 



900-1,500 

600-790 
1,274 
-1-900 
2,600 



Flows. I Fresh water at 10U 
feet: salt water at 
I 600 feet; oil at 1,200 
feet. 
Flows. Fresh water at 700 
feet; some oil at 
1,:W0 feet. 
For gas; unsncoess- 
I ful. 

Gas well. 

—468 I For gas; unsucoess- 
i fuL 

Gas well. 

—300 I Gas wells; saltwater 

' at 1,500 feet. 
I Several wells. 



Many, i Flows. 



Gas well. 

Sulphur water ; no 
oil; temp.tfUP. 



» Record, U. S. Oool. Surv.. Uth Ann. Rept.. 1889-90, Part 1, pp. 713-719. 

Mhid.,p.731. 

3 U. S. Geol. Surv., iHth Ann. Rept, 1881»-90> Part 1, pp. 70r>-707. 

« Ibid , p. ($97. 

Mbid ,p. 7:». 

«IMd.,p. 72:J. 

' Re<ord,U. S. Geol. Surv.. 11th Ann. Rept., 1889-90, p. 702. 

*• Ibid., p. 710. 

» Record, Ind. Oeol. and Nat. Hist. .Surv., 16th Ann. Rept., 1888, p. 1»4: U. 8. Geol. Surv., 11th 
Ann. Ropt., 1889-90, Part 1, pp. 732-733. 
'» Record, Ind. Geol. and Nat. Hist. Surv., I6th Ann. Rept., 1888, pp. 185, 356. 
> » Record , Q. S. Geol. Sur v. , 1 1 th Ann . Rept. , 1889-90, Part 1 , p. 736. 
"Ibid., p. 681. 
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IKBIAKA— Omtinned. 



Location. 



County. 



BMlsTilleC 

Benaselaer 
Do 



Patnam. 



Jasper 
do. 



Randolph... 



RidgeviUe 

RicbmcMid ( Wayne 

Rochester* I Koltoo 



Do , do 

Rochester (U miles do 

Boath). 
Rodiester do 



Rockport. 
Rockrille. 



Spencer. 
Parke... 



Rofcers Pike 

Royal Center* Case 

Royenon Delaware 



tw^v Diame- ^'**^ 
""^ tar. XT,,. 



Height 

of 
water. 



Remarks. 



Feet. Inches. (ktUon* 
1,S40 



Fert. 

-f-ao Salt and sulphur 
water. 

, Snlphnr WHt**r. 

Oas lx>rinK ' >»ot iu 

OaH borings; unsuc- 

i*e9»fal. 

Qas boring: unsur- 

, , c^eeaful. 

1.W6 For gas: uusu< •<-<•>»!»- 

tul. 

fiOO Many. + 5 Sulphur wator. 

1,157 -15 Salt water at l.i:>: 



800 
1,275 

961-1.106 

»45 



1,500 

+400 
2.160 



I 



1.785 KMi' 

+«35 ' Oil wells. 

! Gas well. 

Rnshrille and vidn- i Raah ' i QaM wells. 

ity.« I 
St. Omer Decatnr ; ' 



feet. 

Water flowe<l at 241 » 
feet: well aban- 
doned. 

Four gas borings: no 
product. 

F<ir gas: unsuocesa- 
ful. 



St. Panl ! Shelby 

Salem* ! Waahmgton 

Eto do 

Sandusky ! Decatnr 

Selma* " Delaware. .. 



+820 
1,800 



75U 

830 

1,025 



Gas well. 

Do. 
For gaA: nnsucccas- 

ful. 
C^as well. 



6 : -15 

D<). 

Seymour' Jackson | i^O* } Flows. Several gas welLs, 

Do I do 500 1 Sulphur water. 

SharpsriUe* I Tipton ! 

Shelbyville* _' SlMlby I ' For gan: unMut*ess- 

; fui. 

Shideler Delaware Gas well. 

Sheridan HamUton.... 1,076 !)«.. 

Shoalfl Martin 900 Flows. S<»nie salt water. 

Somerset^* Wabash 853 Water at 4n-) fei»t. 

SonthBend*^ ■ St. Joseph 1,670 For gas: unsurce?5»- 

ful. 
Si>enoer Owen 1,150 4 an +65 



Spiceland »• • Henry... 

Springport** ' do... 

St. Marys ' Vigo 

Do do... 

SulUvan Sullivan 

Sullivan. 2 miles SE do ... 

SuUivan»* do.. . 

Sulphur Springs Henry .. 

Summitville Madison 

Do do... 



3,055 

KJO 

l.OOU 



8 
8 



— «o 
-15 



±1.(MJ Flow.«. 

544 



l.OUO 



Several wells: siiline 
water. 

Gas wells. 

For gas; unsuccess- 
ful. 



Gas boring': much 
.strong brine. 



Forgiis: unsuccessful. 



Do. »» ' do.... 

SwainvUle ' Hamilton 



Swayzee ; Grant. 

Sweetzer ! do 



Sycamore 
lampico.. 



Howard 
do.. 



8-6 At sur- 

i«ce. 

iCl ' Flows. Gas well: water at 140 

feet. 

370 Gas well: .small priKi- 

I uct. 

, I I , Gas wells. 

' Gas well. 

Do. 

+950 Gas wells. 



* Record Ind. Agr. and Geol. Rept., 1869, pp. 

29-31. 
•Record U. S. OeoL Surv., 11th Ann. Rept., 
18W-90, Part 1, p. 733. 

• U. 8. GeoL Surv., Ilth Ann. Rept., liJ8&-90, part 

l.p.732. 
4rbid..p.704. 
*Ibid.,pp.726-7». 
•Ibid., pp. 716-7161 
»Ibid.,pp.7»-TW. 
•Ibid., p. 960. 



Mbid.,pp.:(ej-7ai. 

»" Record, Ind. Geol. and Nat. Hist. Surv.. ITth 

Ann. Rept.. IMn, pp. :SV2-253. 
> • Reiv.rd, Michigan Geol. Surv., 1881-l8tt}. p. 84. 

pi. 64: U. S. Geol. Surv., 11th Ann. Rept. 

lS8»-90. part 1, pp. 734-36. 
>Mbid.. p. 707. 
"Ibid., p. 706. 

»* Record, Ind. Geol. Surv., 1870, pp. 1«3-1W. 
" Record, U. S. Geol. Surv., 11th Aim. Rept. 

1888-90, part 1, p. 709. 
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INDIANA-Continued. 



L<^ication. 
Do.'' 



County. 



Depth* 



Vigo . 
do 



Do 

Thortitown 



<lo 

Boi)ne 



Tipton' 

ToiwMHo Landing .... 

Trafalgar 

Treaty 

Do* 

Union drove 

Union City » , 



Upland 

Valley MillH 
ValparaiMo * 
Do.' ..... 



Tipton 

Floyd , 

Johnson .. 
Wal>aHh . . , 

. do 

Delaware . 
Randolph ., 



Grant . 
Henry 
Porter 
do. 



Feet. 
2,800 

l.TKJ 



. i,tc» 
i,rm 

1,030 



Diame- 
ter. 



Yield 

per 

minute. 



Height 

of 
water. 



Inches. 'lr<Ulons. 
8 i 



Feet. 
Flows. 







Van Buren". 
Vernon 



Grant ... 
Jennings. 



Waliash* Wabanh 



Waldron 

Walnut Level. 

Walton 



Shelby . 
Wayne. 



Warrt'n . . 
Warsaw ' " 



Do. «' .. 
WaHhington 



I 



Waterloo 
We«tfl«'l(l. 



CaMs 

Huntington 

KoMCiUbKO . . 



.. . do. 
Wayne . 



l,.'yM) 

mil 

1,098-1, 7W) 
l.OK) 



a-6 



1,»44 
1.33« 

973 
9r£i 

2.270 

4-820 
+867 

l,(liS 

9m 

700 
1.4,37 



6 



Flows. 



15 



-38; 



Dekalb i 

Hamilton I 



I.IM) 



Do 

Williamsport 



Winamac. 



Winchester »« 

Windfall 

Worthington. 
Xenia >» 



Do 

Yorktown . 
Zlonsville T 



Do 



do.. 

Warren 

PulftHki 



>l,Oi» ! ' 

1.2(H) I Flows. 



1.2110 



45 



.do. 



Randolph.... l,00O-l,(r71 

Tipton I 1,(KI2 I ... 

(iJrt»ene ; 1.44.'> Flows.? 

Miami S«7 



.... do ... 
Delaware 
B«K)ni» 



do 



1)44) 
l.(5W 



800 



Remarks. 



+8 



Sniphnr water with 

little gas. 
Brine at 1,^) feet: 

sniphnr water at 

1,7V3 feet: some oil 

at L6S9 feet. 
Several borings for 

oil; nnsnccessfnl. 
For gas; nnsucoess- 

fnl. 
Small amount of gas. 
Gas wells. 
Dry well. 



Gas well. 

Several borings for 
gas: unsncceHsfnL 
Gas well. 



nnsncoew- 



-40 



unsucctMS- 



unsuccees- 



-4:ft> 



Flows. 



Do. 
Do. 

For gas; 
ful. 

Gas well. 

For gas; nnsnooess- 
ful. 

For gas; 
ful. 

Gas well. 

For gas; 
fnl. 

Salt water and some 
oil. 

Some oil; abandoned. 

For gas; unsuccess- 
ful. 

Salt water. 

For gas; unsuccess- 
ful. 

Gas welL 

Gas wells; much salt 
water. 

Gas wells. 

Gas well: salt and 
fresh water idso. 

For gas; unsncoess- 
ful: flow of water 
alsa 

Several gas wells. 

Gas wellT 

Sulphur water. 

Gas wells: flow ol 
water also. 
Do. 

Gas welL 

For gas; unsuccess- 
ful; salt water at 
1,013 feet. 

For gas; nnsuccess- 
ful. 



» RtMv>ni, Ind. Gt»ol. Surv. Rojwrt for 1870 (Indianapolis, 187D, pp. 126-134. 
3 Record. Ind. Geol. Surv. Repi»rt for 1870 ( Indianapolis. 1871 >, p. 128; Ind. Agr. and GeoL Surv. 
Rept., l.Ma», pp. 2s-a>. ;«; Am. Jour. Science, 2d series, vol. 48, p. 27l. 

* Ret^onl. C.S. Ueo\. Surv., 11th Ann. Rept., i88«-l8M(). part 1, pp. tWJ-6»7; Ind. GeoL and Nat 
Hi-it or V Surv.. 188.V l.s8t», l.'ith rei)ort, p. 3:*). 

*R<H«orti. U S. Cfeol. Surv., 11th Ann. Rept., 188i>-1890, part 1, p. 714. 
*U)id.. p. IkM. 
Mbid , p. ?.«. 

* Ro.'ord, Ind Oeol. and Nat. Historv Surv., Itith Ann. Rept.. 1888. p. 264. 
" R4V »ra. U. S. C4.»ol. Surv.. 11th Ami. Rept., 188»-1«*), i^rt 1. p. 084*. 

* Indiana GtM>l. and Nat. Hist. Surv., Report for 1^7,5. pp. 4.'M^. 
"^ RtH-ord. r. S. (»tH>l. Surv.. 11th Ann. Rept., 1889-W), part 1. p. 739. 



>' itiid . p. rw. 

'-Ibid . pp. tKMVs:.. 

" In<l. Oool. and Nat. Hist. 



16th RepL. ISSS. p. 187. 



'* Record, l'. S. Gei>l. Surv., 11th Ann. Rept., 188i»-9<X i>art 1. p. TJO. 
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>AL PUBLICATIONS RELATING TO DEEP BORINGS IN 

INDIANA. 

al Gas Field of Indiana, by A. J. Phinney, United States G^eological 
enth Annual Report, 1889-1890, part 1, pp. 579-740. Plates. Wash- 

ionrcee of Indiana and Ohio, by Frank Leverett, United States Geo- 
)y, Eighteenth Annual Report, 1896-1897, part 4, pp. 423-559. Plates* 
, 1897. 

INDIAN TERRITORY. 



miles 



w.: 



Nation. 



Cherokee 



.do 



.) < 

jSE.) do 

do 

Chickasaw. 



iW.)». 



Choctaw 



Dei)th. 



1,800 

300-600 
470 
520 

8:« 



1,4U 



Diam 
eter. 



Yield 

per 

minute. 



Feet. Inches. Gallons. 



Few. 



Heiffht 
water. 



Feet. 
Flows. 



Flows. 
...do.. 



Remarks. 




Small quantity crude 
petroleum. 

Several oil wells. 

Salt water. 
Do. 

Salt water at 298 feet ; 
no water below; 
well in progrress. 

Small indications of 
oil at 807 feet; oil at 
017 feet; much salt 
water: salt water 
and oil at 1,235 feet 
and 1,347 feet; oil 
and gas at 1,881 feet. 



IOWA. 



13 




Diame- 
ter. 



Hardin. 
Kossuth 
Iowa 
Jones 
Cass, 
do 
Carroll. 
Boone 
Taylor 
Hancock 
... do 

Des Moines . 
Winneshiek 
...do 
Linn 
Appanoose.. 

do 

Cherokee ... 

Page 

Clinton 

...-do 

...do 

Pot tawatta- 
mie. 

...do 

school do 



Inches. 



10-5 



Yield 

per 

mmute. 



Gallons. 



Height 
water. 



Feet. 



100 
300 

Many. 

...do.. 



-89 
+30 
-56 



Many. 



-160 
-365' 



i 

U 
♦V-o" i 

4 

8 

5 
13-4 
14-7 



70 
70 



15(J 
a)0 
350 



Remarks. 



Temp. 60". 
Coal prospect. 
Failure. 
Coal prospect. 



-16 
-510 

-38 
-320 
-100 

+14 ! 3 wells- 
-260 
-280 



1.003 
1,0:15-1,497 
l,Uii> 
l,»i74 
1,114 

soo 

1.0i)l 



10-.' 



5jl 



Plowed. Coal prospect. 

1.73«i i -f-68 5 wells. 

+35 : 



i Howard ' 1.1.'>H 

3 Qeol. Surv. Reports, vol. I\ p. 

Qeol Surv., vol. 3. pp. 1hI>-1<»3; 
19-22a 
. 196. 
»7. 
»5. 
339. 
a Geol. Surv., vol. (i, p. l!>o. 



8-5 


1,500 1 


+45 




i 


4 

----- ___. 


56 


+.')0 



" Record and analysis, ibid., pp. 191-192. 
'•* Record and analysis, ibid., pp. .'J26-3^. 
1" Record and analysi.**, ibid., i>p. :j26-328. 
> » U. S. Geol. Surv., 17th Ann. Rept., 1895-96. i>art 

2, p. 811: analy8i.s, ibid., p. 827. 
'2 Ibid., p. 811; analysis, ibid, p. 827. 
'3 Analysis, Iowa Geol. Surv. Reports, vol. 6, p. 

340 
•* Ibid.*, p. aw. 
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IOWA— Continued. 



Location. 



Di«ne- \!':L0 Heiyht 



Coanty. Depth. ' *eJr P«r 

I ' mmnl 



of 



Remarkft. 



Creston Union 



Feet. , Inchtfft, 
60(M«JU I 



note, water. 



Gallons. Feet. 



3,0U() 

780 



DesMoines* Polk 

Davenport r bottling ; Scott 

workH).» 
Davenport (Malt do 

and Grain Co).* 
Davenport (Gas' do 

Com];>any).s 
D.ivenport (Glaooee i do bf,lU»-2,lW 

Co. >.« 

Do.» do 

Davenport (city 



10-3 



¥' 



una 

1,200 



5 
5-4 i 

i 

5 ■ 



400 ' 

aoo , 
»io 

400 i 



np< 

park).* 
Davenport (Kimball 

HouHe).' 
Davenport (packing 

company*.* 
Da venjport (Schmidt | 

building).* 
Davenport (woolen i 

mills).' I 
Davenport (ice com- 

pany).* 

DnbnqQe" j Dabaqne 

Do.» I do.--. 



1.500 
l.TW 


5 
5 


250 • 
+125 


1,0«0 


5 


120 

1 


1.180 


8-5 


250 , 

1 


1,300 


4 


7:^ 



Do... 
Do.» . 
Do... 
Do.«» 
Do.* . 



l.OftJ 

i.(«: 

8(6 
955 

1,282 
1 954 

do !l,3(jO-i,4<'0 

do 1.7tt5 

do ' l.(JOO 



do 
do 



Emmetsbnrg > ' 

Do 

Farmington ... 

Fontanelle 

Fort Madison'' 

Do.'» 

Do.'» 

Cenwood'* ... 

Do.«« 

Granville . 

Greenfield 

Do 

Grinnell>» 

Gmndy Center 

Hol8teln>« 

HomeHtead " .. 

Hull'- 

Jefferson 

Keokuk i» 



Palo Alto... 

do 

Van Buren . 

Adair 

Lee 

do 

do 

Mills 

do 

Sioux 

Adair 

do 

Poweshiek. 

Grundy 

Ida 

loWH 

Sioux 

Gret-no 

I>ee 



874 

810 

705 

800 

689 

?iO 

7(U 

2,000 

1,910 

450 

900 

512 

2,0(« 

485 

2.0(W 

2,224 

1.2:*» 

2, (CI 

710 



34 
6-4 ' 

4 

6 

6 
3 I 

':?' 

5 I 



300 
240 



—45 
+69 

+ 13 

+47 
+77 

+51 

a* 

MM 

+20 
+45 

+24 
+35 
+10 



Two borings for coal; 
ansnccessf al. 
Found water. 



Water from lOSO-1076 

feet. 
Two wells. Water 

from near bottom. 
Four weUs. 



Water at 1.1T5 feet 
Water at 1,075 feet. 



340 

450 
40 > 
2,000 ! 
40| 

580 ! 



+81 , 



+1 
Flow. 



Do 3" 
Do.'" 



6 


42' 




None. 


6 


600 . 


6 




4 




10-4} 


83 ; 


• • • ■ s » « 


80 1 




Many. 




None. 




None. 


10-4 


U«5 


8-4 




KM 




10^ 




8 5 




i\ 


250 


(i 


1 



+41 

-34 
-26 



+20 ' 

+85 
+2J) 

-ir3 

150 ' 



Water from 700 and 

l,(fiO feet. 
Water from 775 and 

1,064 feet. 
Water at surface. 
Several wells of 

about this depth. 



Two wells. 

Several wells 965- 
1.000 feet 



Abandoned. 
Temp. 55*. 

Coal prospect. 



.do I m^ 

do 2, OIX) 12-10 ||-^ Y^jJ^ || 



-230 
-150 
-275 
-117 
-100 

+a') 



+47 
+:» 



Temp. 64'». 

Two other weUs 700 

feet deep. 
Temp. 50«». 

Temp. 650 ; 3 wells. 



U 



1 Rocord, Iowa Geol. Surv. Reports, vol. ♦>, p]>. 294-299. 

^ V. S. (4eol. Surv., 17th Ann. Rei>t, 18»5-189t>, part 2, p. Ml2. 

3 Ibid. p. 812. 

* Record, U. S. Cteol. Surv., ITth Ann. Rept., 189.V9ii, iiart 2, p. i^2. 
Mhid.p. Sll. 

* American (ioolopist. vol. 3. 1hh». p. 117: Iowa Geol. Surv. Rei>ort8, vol. «, pp. 272-280; Record 



S. (ieol. Surv., 17th Ann. Rept. lK95-im, part 2, pp. 842-84.5. 

' Record. V. S. Geol. Surv.. nth Ann. Rent., lW»5-9*i, part 2, p. HU. 

*" Recrord and aiialyHis, Iowa Geol. Surv. Reports, vol. 6, pp. 208-214. 

» Ibid., pp. 2«»H-2U. 
"•Ibid., pp. 20K 211. 
•» Record, ihid.. p. 19»j. 

'^ Record and analysis, Iowa (4eol. Surv. Reports, vol. 6, pp. 321-322. 
"Ibid, PI). ;12I .'^22. 
»Mbid.,pp. 34<^347. 

** Record and analyBis, ibid., pp. 287-292. 
'" Record, ibid .p. 222. 
*' Record and analysis, ibid., p]). 2s;J-2K'>. 
^'^ Record, ibid.]). 199. 
»• Re<-ord and analysis, ibid, pp. '.iZU&i. 
"Ibid,pp.323-;i26. 
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IOWA— Continued. 



Location. 



County. 



rvn.«4-k Diame- 
^P**»- , ter. 



Yield 

per 

minate 



Heieht 

or 
water. 



KeoknkV 



Do 

Do 

Lakepark 

Lansins* Allamakee 



Lee 



....do... 
....do... 
Dickinson.... 



LeMars* 

McOregot *... 

DoJ 

Manchester *. 
Mason City .. 

Do 

Do.» 

Monota 

Do 

Monticello*.. 
Mount Clara ^ . 



Mount Pleasant * 

Nevada , 

Newton* 

Osceola 

Oakalooaai^ 

Ottumwa*> 

Dc.'«» 

PeUa« 

Pocahontas (8 miles 

south). 
Pocahontas (near) . . . 

Poetville»» 

Bedoak 

i>abula»« 

Sanborn 

SaylorvUle 

Shenandoah 

Sibley 

Sigoumey" 

Sioux City" 



South English 

Silencer 

bpenoer 

Spencer (10 miles 
ftouth). 

Tipton »' 

Vinton »« 

Do." 

WaULake 

Washington «• 

Do.*^ 

WaukonM 

Waverly 

Webster City »« 

West Liberty «< 

Whatcheer 

Wilton Junction".-. 
Bellvllle Township . . 



Plymouth 

Clayton 

do 

Delaware ... 
Cerro Oordo 

do 

do 

Clayton 

do 

Jones 

Lee 



••{ 



Feet. 
2,230 



1,987 

. fl35 

700 

676 

740 

1,500 



Inchen. I GaUons. 
10 800 I 



Fert. 
+») i 



6-4 








Many. 

700 


Plow. 


" 4 


-300 

+40 



Henry 

Story 

Jasper 

Clarke 

Mahaska 

Wapello 

do 

Marion 

Pocahontas . . 

....do 

Allamakee... 
Montgomery 

Jackson 

O'Brien 

Polk 

Page 

Osceola 

Keokuk 

Woodbury... 



Keokuk 
Clay.... 

do.. 

....do.. 



Cedar 

Benton 

do 

Sac... 

Washington 

do 

Allamakee . . 

Bremer 

Hamilton... 
Muscatine . . 

Keokuk 

Muscatine . 
Pocahontas . 



1,006 
520 

1,870 
600 

1,200 

1,473 
417 
452 

1,198 


6^ 

6-8 

10^5 

6-4 

8 

8-6 

6 

6 


20 

60 

80 

70* 

None. 
175 

165 
Many. 


1 +62 

i +20 

-14 

1 No flow. 

No flow. 

1 -75 

-212 


-40 


939 

1,125 

940 

1,400 

1,953 


5 


-10 

-30 

-49 

-90 

No flow. 


2,800-3,0a) 








2,047 

1,554 

1.808 

632 


8 
10-4 
12-5 


700 
250' 


+108i 
+49J 
-90 


1,300 


81 


Many. 




515 

560 


-300 


973 




720 
80 


+78 


1,224 

1,800 ■ 


6 


-469 


700 








763 
1,880 


4 

4 

6 


106 


-200 
-30 


2.011 
420' 


3 

None. 
Many. 


Flows. 


800 




m) 




600 1 


4f-8< 

8-4i 
6 
6 






2,700 

1,287 

1,425 

427 


Many. 
62 
60 


-65 

+28i 
+28 


1.611 
1,217 


10-44 
12-6 

8 

6-4A 


95 
62 


-54 

-58 
-280 


1.720 


Many. 

70 




1,250 

1,768 

63(} 


+ 16 
Flows. 


i,;wo 

1.3(B) 


8-6 


300 


-78 



RemarkH. 



Another well l.tUX') 
feet; water aLno at 
600 and 900 feet. 



Temp. 60°. 
Two wells. 



Temp. 54*. 
Temp. 52«». 

Three wells. 



Abandoned. 



Formerly flowed 200 
gallons. 



Abandoned. 
Temp. 70«. 
Terap.W*. 

Unsuccessful. 



Coal prospect. 



Water at 570 and rose 
to -12; at 1,250 feet 
flowed. 

Abandoned. 



Abandoned. 
Temp. 5«>=. 



np.d 

do. 



Temp.(vr)= 



Almndant supply. 



* Record, Iowa Geol. Sur. Retorts, vol. 5. j). 
2U0 

Mbid..pp. 232-285. 

' Recora and analysis, ibid, pp. lK.5-188. 

« Ibid, pp. 214 219. 

Mbid., pp. 198-195. 

* Recora and analysis, ibid., p. '^jd. 
'Record, ibid., p. a«8. 

* Record and analysis, ibid. , pp. 32iU3:;i. 

* Record , ibid. , p. 292. 
»• Ibid., pp. 808-310. 

' Record and analysis, ibid. , pp. 317-320. 

» Record, ibid., pp. 810-315. 

'Ibid., p. 189. 

** U. 8. OeoL Snrv., 17th Rept. , 18ttr>-J»H. part 2, 

^Record, fowaOeol. Surv. Reports, vol. 5, pp. 
d».80& 



'"Record, Iowa GeoJ. Surv. Reports, vol. \ p 

258 
»Ubid., vol. 6, pp. 261-262. 
>^lbid., vol. 3. pp. 192-195. 
•«* Record and aualvsis, ibid., vol. 6, pp. 2t>'.-:.'»57. 
*" Record and analysis. Iowa Geo\. Surv. Ho- 

fiorts, vol. 6, pp. *S>t-305; Am. Geoloj^st. vol. 
, pp. 2i<^il. 
"'Record and analysis. Iowa Geol. Surv.. Re- 
ports, vol. 6, pp. i-flU-.'iOo. 
'"Record, Iowa Geol. Surv. Reports, vol. r,. p. 

'.nrz, mm. 

"' Record and analysis, ibid., pp. 22i^:ii2. 
'* Records and analysis, Iowa Geol. Surv. Re- 
ports, vol. 6. pp. 281-282. 
"Ibid., pp. 280-281. 
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PRINCIPAL PUBLICATIONS RELATING TO DEEP BORINGS IN IOWA. 

*Iowa Gheological Sarvey. volnme 3. Second Annual Report, 1893, with accompa- 
nying papers, 502 jMtges. plates. Des Moines, 1805. 

Artesian Wells of Iowa, by W. H. Norton, Iowa Geological Survey, volume 6 
pages 113-428. 

The Water Resources of Illinois, by Frank Leverett, United States Qeological 
Survey, Seventeenth Annual Report. 1895-96, part 2, page 811. 

KANSAS. 



Location. 



Alma 

Do.... 
Anthony' 
Asbervule . 



County 



Waliaunaee 

do 

Harpor .. .. 
Cloud 



Atchison Atchison. 

Banner Trego 

Benedict (southeast Wilson 
of). 



Benedict (near) do 



Bronson i Bourixm 

I 

Buffalo Wilson.. 

Buffalo (2 miles west) do... 

Caldwell Sumner . 



Cawker City (2 miles 

northeast). 
Cawker City (10 miles 

north). 
Chanute' 

Do 

Cherokee 



Cedarville . . 

Cherry vale. 

Do.s.... 



MitcheU 

do 

Neottho 

do 

Crawford 



Depth. 



Feet. 
2.0i)() 
1,912 
2,3;i5 

638 



+ 1,1«7 
2.414 



827 

8o<) 

1,170 

4aM<iM) 

800 

468 

416 

982 

806 

913 



Yield Heiffht 

tor P** ^^ 

minute, water. 



Diame- 



InchcB. Gallon*. Feet. 

4^2* '.'.'.'.'.'.',. '.\"f\owh'. 

'3' '.'.'.".*.r.']l -26 



13^4Ji! 



8i-5 



8-6 



Few. 



6 



6i-5 



Smith 

Montf^omery 
do 



009-617 
1,22<J 



U 



Do 



do 1,397-1.500 



Coffeyville do 



Columbus 

Coolidge . 

Devon (.near) 



Dodge City (U miles 
east > . 

Doniphan * 

Eldorado — ^ 



Elgin 
Iki 



Cherokee. 
Hamilton. 
Bourlx)n . 

Ford 



Doniphan.., 
Butler 



550 
1.304 

800 I 

800 



54 
8-*5 



Chautauqua 

Elkader Logan 

Elkader t7mile8 S. )..' do 



Ellsworth ' Ellsworth . . 



Do do 

Emporia * Lyon . 



.-t 1,400 

50H 

1.3i«) 



730 
2,005 



4i, 



Eminence Finnoy. 

Erie ; Neosho 

Erie (2 miles north ).. ■ do .. 



750 
833 



H 



-150 



500 



90 



400 
Many. 



-217 
No flow. 



-100 



+8 



-a5 

Flows. 



-114 



Flows. 



1 



Remarks. 



Salt water and g^as. 

Salt water from 50 to 
6;i8 feet; mainly 
blue clay. 

All in shale. 

Fresh water at 408 

feet; strong salt 

water at from 1,006 

to 2,414 feet. 
Oil well; fresh and 

salt water aiao 

found. 
Salt water at 060 to 

700 feet. 
Only salt water. 
Oil and water wells. 
Salt water only at 

457 feet. 
Salt water. 

Do. 

Several gaa and oil 

wells. 
Large flow of gas; 

some water. 
First water at flSO 

feet. 

Gas wells. 

Salt water, and gu 

found. 
Oil wells; water at 

several horizons. 
Oas well. 



Salt water at from 

050-700 feet. 
Unsuccessful. 



Deep boring, salt 

water. 
Abandoned. 

Unsuccessful. All in. 

blue shale. 
Salt 730^880 feet; salt 

water at 1,300 feet. 
Salt water. 
Gas prospect; aban.-" 

doned. 

Mineral water. 
Large flow of oil ao' 
gas, and salt watef 



^ Record, Kansas Univ. Geol. Surv. Rept., vol. 1, PI. 21. 

a Ibid., vol. 1, p. 77, pi. 13: vol. 3, pl. 25. 

» Ibid., vol.1, pi. 11: vol. 3, pl. 22. 

* Record, Kansas Univ. Geol. Surv. R«port, vol. 1, pl. 18. 

•Ibid., vol.3, pl. 28. 
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KANSAS— Continued. 



Location. 


1 
County. 

1 


Depth. 


Diame- 
ter. ' 


Yield 

>er 

minute. 


Height 

of 
water. 

Feet. 


Remarks. 

Salt water at 40(» feet; 

oil Hand at .VVj .>h54 

feet. 
Coal proHi)e«*t ; 

abandoned. 
In i>r»>flfres.s IIHIO: 


Erie 


Neosho 

Greenwood . . 
do 


Feet. 
813 

503 

+1,100 

i 

986 

1,480 
556, 
551 ' 

l,a)54 

620 
543 
750 

850-900 


1 
Inches. 


(rallont. 


1 
Eareka* 








Do 


i 




Fall River 


do 


10-5i 


1.00() 


, sa'lt water .'>i«> TU) 
feet. nn«l hikhmM) 
f<«et. 
—77 1 Water at 416 foot:. salt 


Do.« 


do 


1 

1 

1 Many. 

t 

6 Manv. 


water at UT:.' foot. 


Farlinirtoti 


Crawford — 
do 

do 


Small flow uf guN. 


Farlingtoa (2 miles 

southeast). 
FlemiDfiT 


Small flow of oil. 

-lis Water alno at M)0 


Fort Scott 


Bourbon 

do 


54 




feet. 
Flows. 1 


Do 


5* 4 
61 --- - 


FlOWH. 


Fort Scott (near) 


do 


Gaswoll: Rtroiiir flow 


Do 


...do 


8-6 






of water. 
Oil wells; Halt water. 


Fowler .. --.... 


Meade ....... 








Fredonla ' 


Wilson 

do 


1,284 
2.414 

-fl,000 

902 
1,250 

«KM550 

867-900 

4^1 

430 

501 

l,3ta 

400 

1,100 

1,000 

1,238-1,410 

f 1,206 or 

t 1,406? 

793-962 

937-970 

+800 

1,030 

870 

734-737 

aw 

1«8 
»76 
4:tJ 








Do 


-•.-- .-..,- - - - 


None. 




Salt water at 3.'>4 and 


Garden City (one- 
half mile NW.).« 
Do 


Finney 

do 






1,195 feet; al>an- 
doned. 


1 


• 


Garden City (8 miles 

sonth). 
Girard* 


do 

Crawford 

do 






Two eras well«. 
Ga.>*. 








Do 


10 


• • • • . 

Many. 


-150 


Girard (34 miles N.) . 


do 


Goode (7 miles 8£. ) . . 






-70 


Good water 


Gove 


3 


Few. 

10 


All in shale; aban- 


Greatbend (4 miles 1 Barton. 


1 doned. 
-HI** Saline water from 


northeast). 
Hill City (3 miles Graham 




Dakota sundHtone» 
at :U4 feet. 
No flow. Shale to b<)fctf>m. 


from ). 
Horton 


Browh 

Elk 


6 


Few. 
None. 




Water at 4.') feet. 
Abandoned. 

i 

Throe water W(dls. 

Ga.s wells; water at 
145. :ilH. r,4.") feet; 
salt water at 970 
' feet. 
! Several salt wells. 

Oil and ga^. 

Large flow of gas. 

Three wells. 

Large flow of ga.s. 

Salt water fouufl. 

Kalf, ipjitpr- Jiliftn- 


Howard 




Do.« ' do 






Hojrt ' Jackson 

Humboldt 7 1 Allen 


} « 


None. 
Many. 






Do 


do 






Hut<;hinBon 


Reno 








Independence 

lola.- 


Montgomery 
Allen 














Do«. 


do 








lola (near; i--. do 


81-5 
5 






Do 


do 






Do 


do 






Ionia 


Jewell 

Cloud 








Jamestown 






doned. 
Flows. Salt WRtor fouTid. 


Jerome 


Gove 


400 

l.(KK) 

700 or 800 

400 
881 

758 


1 




For coal. 

Not in UMo: uban. 


Jetmore 


Hodgeman... 


.•-... ... ,.- ...•••. 




Do 




-20-30 


Johnson 


Stanton 

Ellsworth ... 

Wyandotte . . 
Hamilton 


8 \fnnv. 


doned. 


Kanopolis 


8-4 


1 




, Salt water at ♦U;VH75 
feet. 

1 No water jit that 
; depth. 


KansasCity* 








'Kendall . r , * , n . 














1 



' Record, Kansas Univ. Geol. Surv. Report, vol 

. 3, pi. 27. 

•Ibid., vol.1. pi. 12; vol.3,pl.24. 

I Ibid..vol.l,pl.l3; vol.3, pl.26. 

* Ibid., vol. 2. p. 27. 



6 Ibid., vol. 3, p. 148. 

"Ibid., vol. 3, pi. 29. 

'Ibid., vol. 1. pi. 14; vol. 3. pi. 2:^. 

"Ibid., vol.1, pi. 15. 

^ Ibid., vol.1, pi. 18. 
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KiVXHAH— Continued. 



IxK'ation. 



Connty. 



KInralrl AnderHon 

Kintcman Kiiitfuian 

Kirwiii Plillllpe.. 

lj$Lt'rtmtni KaHh 

Ijuh^rifti^ Allen 

iMfju^tl Pawnee.. 

Do do 



Liiwr**Drv) DongUd 

I>o do 

I»aven worth * Leavenworth 

I>o do 

LUmrtkl* Sowacd 

Little Blrer Bic-e 



I>m«* Kim AndorH«)n 



I»vewcll Ci^ miluB Jewell 
north went I. 

Lyndon' (HiaKO. 

Ly<m>i Rice... 



Lyon*! 'H«'miH Halt do 

Co. J 

M<'Farland* Waliaunnee. 

Ma^llfwin (inH5nwood. 

Mankato Jew*«ll 

Maplfton* Bour>x>n 



Marion Marlon 



Marqijotie McPhorson 

MurvnyWU* Marnhall... 

McNi<le Meade 



Moran y\ll«n . 

Mound Vall«*y' Lalwttiv 

NefMltmhii' Wilfujn. 



I>o 
Do 
Do 



do 
(1(. 
do 



N(*rKlcHhii I ni^ari 



do 



Depth. 



Feft. 
WSi 
+rt)U 
514 
444 
MO 
75*i 
743 

mtt) 

Wt) 
1.170 
S,11A 

485 
1.000 



1.140 



400 

1.O07 
1.230 

i,as5 

2,006 
1.8964 

5a) 
665 



1,800 

I 400 

1.360 

800 

I 

l,JJ(»-l,0K5 

7tK 

1,101 



±2,400 
1.310 
2,414 



1,078 



Ne<^»Mho FallH W^kkIsod 

NoHM City ill niiloH Nomm 

north). 
N«sM City (M inIl<»H .. do 

KOUtip. j 

N<?wt«»n I Hurv»'V 

Do I ... do' 

Niotuzo<' Chantau(iua. 

Oakley Lo^an 



l,2i/) 
656 

±4(M1 

1.(^5 

»K»-1,070 

l.ir>8 






Diame- 
ter. 

IncheM. 


Yield 
mmate. 


Height 

or Remarks, 
water. 


[Onikms. 


Feet 








A^H «haft«. 








1 3 20 


-240 


Water pure. 


400 
10-3 250 

1 


'+50 


, Temp. 65«: salt wa- 

' ter. 

' Salt water. 


1.- .. .....'......... 




(jmM and tialt water. 


1 


Flows. 


Oas and water. 


. .. . i._ . 




8 


« 


-180 


Water at 130 feet 
Much water to 400 






feet, then flOO feet 
of salt and shale. 
Salt water at 330 


1 

; 1 




feet« no gam or oil; 
abandoned. 
Salt water only. 

Salt water at 230 feet. 


1 




1 ! 




Halt prospect; aban- 
doned. 
Salt weU. 


8-5 

1 i 
6 




-30 





For flrast nnimcowMi- 


8 




-SO 


ful. 
Salt water. 






Water at 218 and 616 








feet; oil at 647 feet, 
and salt water at 
H65feet. 
For ooal: nnanceesa- 


6 


Pew. 
Few. 


-70 
Flow«^ 


fuL ' 
Salt water. 


6 




Red beds at 200 feet: 


13-4 

8i-5 






salt below. 
Two holes: water to 


li 


+6 


surface. 

Temp. 70*. Salt 
water and gas. 

Oil prospect. Water 
at 230 and 820 feet: 
salt water at 420, 
685, and 775 feet, 
and gas at 655 feet. 


^i 












« 


6i Manv. 1 




Sulphur water at 

1.4& feet; salt 

water below. 
Oil and gas wells. 

Water at 811 and 

1.078 feet 
Salt water at 901 feet 


6J-5 


' 










3 
6 


30 -;J56 

• 





Olwrlin Det'atur. 



, S()(>-l,0(i0 



1 1 


. 


i ! 


i*..._.-*. ......... 




1 
1 


—30 



Prospect borings. 

Do. 
Abandoned ; flowed 

oil and water. 
Unsuccessful: water 

at intervals to 200 

feet, then shale to 

bottom. 



1 

4i 



1 Record. Kanwis Univ. Oeol. Surv. Report, vol. 1, pi. 14; vol. 3, pi. sa 

^ Ibid., vol. I, pi. a); vol. :{, pi. 2b. 

» Record, Alst Confess, Ist ness.. Senate Ex. Doc. No. 222, p. 158. 

* Record, Kansas Lniv. G«ol. Surv. Report, vol. 3, pi. 27. 

^ Ibid., vol. 1, pl. 19; vol. 3. pl. 30. 

«i hid., vol. 1. pl. 16. 

' Ibid., vol. 1, pl. 10: vol. 3, pl. 21. 

" Ibid., vol. 1, pl. 11; vol. 3. pl. 22. 

•• Ibid., vol. 1, pl. 12: vol. 3, pl. 24. 
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KANSAS— Continued. 



Location. 



Olathe 



Osaire Mission ^ 

Oflbome 

Oswego' 



Do 



Ottawa 



Do 



Paola* 
Do. 



Parnons and vi- 
ciniiy. 



Pern 

Pern (near) 



Pittsbnrg - 

Fleasantcm 

Do 



Pleasanton (near) *. 



Portia ( 6 miles north- 
west). 

Portis (8 miles north- 
west). 

PraU 



Pyramids (near). 
Bansom 



Randolph 

Bavaniia (narth of) . 

Do 

Richfield* 

Do 

Do 



Do 
Rairo . 



Rnseell... 
St. Marys. 



Do.. 
St. Paul. 



Santa Fe 



Do 

Scandia .. .... 

Smith Center 



Smith Center (Smiles 
sontheast). 



Ck>ant7. 



Johnson 



Osage ... 

Osborne 

Labette. 



do 



Franklin. 



.do 



Miami. 
.....do. 



Labette 



Chautaunna 
.....do 



Crawford—., 

Linn 

.....do 



.do 



Osborne 

do... 

Pratt.... 



Ness 



BUey... 
Finney. 

do.. 

Morton 

do . 

do.. 



do 

Kingman .... 

Rnssell 

Pottawato- 
mie. 

do 

Neosho 



Haskell 



.....do.... 
Republic. 
Smith.... 



.do 



rk««fh iDiame-, XJ?J? 
Depth. *.-« per 

I '' * mlnate. 



Feet. 
000 



700 
5U0 
965 



606 

i.ooe 

1.065 



1,075 
600-580 

600-1,060 



1;B40-1,700 
1,190 

950 
729 
918 

757 



546 
543 

±800 

408 
65:3 

400 
+400 
+400 
670 
700 
600 

mo 

1,000 

997 
1,123 

530 
661-^68 

1,300 

1.800 

1.003 

600 

540 



Inches. iGallons. 



6 



8 



6Mi 



71 
5 

6J^ 



6 



Many. 



75 



8 
6-3 



10-5 



Several. 



Many. 



22 

3 
6 

15 



Many. 



Height 
water. 



Feet. 



—100 



—40 



Remarks. 



-Oto 
-400 



-80 



No flow. 

-200 

-15 

No flow. 
-60 



-200 

-45 

Flows. 

Flows. 

Flows. 

+25 







Many. 



Many. 



-3U0 
Flows. 

Flows. 

Flows. 

—200 

-100 
-16 

-apo 

—140 



Water at 85 feet; salt 
water at rK«> feet; 
weak flow of a^s at 
361 i feet. 



Small amount of gas 
at 585 feet; salt 
water at ulK)ut HlO 
feet. 

Small amount of gaH 
at 548 feet: salt 
water at 606 feet. 

Oil at 675 and 7( ti f eet ; 
large volume of 
gas. 

Salt water at im and 
622 feet : fresh wa- 
ter at 715 and 755 
feet; gas and water 
at 490 feet. 

City well 

Several gas wells 

Several wells for gas: 
not much found; 
salt water at 400 
to 500 feet; no flow; 
abandoned. 

Three wells. 

Water at 660 and 
1,190 feet. 

Salt water. 

Salt water at 828 and 
918 feet. 

Water at 132 and 656 
feet; salt water at 
348 and 757 feet, and 
trace of oil at 353 
and 730 feet. 

Salt water. 

Do. 

Thick salt beds 600 to 
800 feet; not used. 

Bad water. 

Water in sandstone 
under blue shale. 

Abandoned. 
Do. 



Temp. 66*>; water at 

570 feet. 
Two wells; temp.tiOo. 
Salt well; 175 feet of 

salt. 
Saline water. 
Salt water. 

Do. 

Salty water; aban- 
doned. 

Good water at200and 
400 feet. 

Good water. 

Salt water at 59(» feet; 
abandoned. 

Salt water from sand 
535-640 feet under 
535 feet of shale. 



^Record, Kans. Univ. Qeol. Surv. Report, vol. 1, i>l. 1.5. 

•Ibid., pi. 10; vol. 3, pi. 21. 

»Ibld.,voLl,pl. 17. 

«Ibid.,pL16. 

• Record, 61st Cong., Ist sess., Senate Ex. Doc. "No. «a,ip. \b1 
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ICcVXSA8— CoDtinaed. 



Location. 



County. 



Sterlinsr 

Do 

Stover 

8an (south west of). 



8 



Rice 

do... 

Labette. 
Barber.. 



Syracuse 

Thayer 

Thayer (near) 



Hamilton 
Neoeho .. 
do 



Do 



.uo 



Tonganoxie 

Topeka^ 

Da« .... 



Leavenworth 

Shawnee 

do 



Depth. 



916 
M« 

000 



1,000 

1,064 

i^ 

854 

9U0 

1.638 



Yield Heiirht 

ter P**" *^' 

minute, water. 



Diame- 



Remarks. 



IncheM. Oalitms. Fret. 

10-2* None Salt weU. 

10^ Few. —3 Da 

7 -16 

For coal: nnsucoeat- 

ful: mostly bla^ 
shale. 

— W 

Oil wells. 

6f4l Water at 376.675,806. 

and 1,064 feet. 

8HH Water at 216 feet; 

gas at K*7-«au feet. 



City well. 



Toronto' Wi>o<l»on 



V 



Do 

Tribune . .. 
Valley Falls 



do ... 

Greeley . . 
JeflTersbn 



WalUu'e tvirinityK WalUu*e. 



' Coal prospect: no 

coal: no flowing 
water. 

l,4oL* Flows. Salt water and some 

oU. 

Two wells: some gas. 

UnsucceftBful. 

i -f-4<» Very saline water. 

^'^°*' ) Did not reach bottom 

I of shales. 



Wamego 

Washington. 

Do 

Do 

Weir City.. 

Do 

Do 

Wellington. 
Wichita.... 

Do 

WilHon 



Winfleld 

Yale 

Vulcan Iron Works. 



Pottawatomie 
Washington . 

do 

do......... 

Cherokee*.... 

.... do 

do 

Waliaunsee . . 
Sedffwick 

Ellsworth!!]. 

Cowley 

Crawford 

Kingman 

Trego 



1,174 
I HIM) 

{ 448 

I 4<M» 

l.OiW 

iaoo-i,2ni> 

1.3n(l 

2. aw 

442 

4t«i 
491) 
1,U0I» 
1.«I5 
1.U25 
1.375 

1.311) 

1,217 

l.dilO 

700 



3 
4 



None. 



4 6 Salt water. 



6 
6 
84 
74 



None, i Abandoned. 



None. 
75 
75 



-70 ' 

-70 

-70 



U-44 



8-5 : 



... Many. 
6 . Many. 



-70 



Do. 



Not in use. 

Salt water at 600 feet 



I Salt water; aban- 
doned. 
-f6 Salt water. 
115 I 
Two salt shafts. 



PUBLICATIONS RELATING TO DEEP BORINGS IN KANSAS. 



Report of J. W. Gregory, field agent for the Middle Division, Fifty-first Con- 
gress, first session. Senate Ex. Doc. No. 222, pp. 14.V172. Washington, 1890. 

Water Resonrces of a portion of the Great Plains, by Robert Hay, United States 
Geological Survey. Sixteenth Annnal Report. l.<04-95. ]>art 2, pp. 535-588, plates. 
Washington. 1895. 

The University Geological Survey of Kansas, by Erasmus Ha worth and assist- 
ants, vol. 1. 320 pages, plates. Topeka, 1896. 

Report of the Board of Irrigation, Survey, and Experiment for lf^95 and 1890 to 
the Legislature of Kansas. 238 pages, plates. Topeka. 1H97. 

.The University Geological Survey of Kansas. Special Report, by Erasmus 
Haworth and W. R. Crane, vol. 3. 347 pages, plates. Topeka, lH9s. 



^ Record, Eans. I'niv. Geol. Surv. Report, vol. 1, pi. IT. 
Mbid., vol. J, pi. 27. 
'Ibid., vol. 3, p. 149, pL:». 
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KBXTUCKY. 





Conntj. 


Depth. 


Diame- 
ter. 


Yiold 
tafmile. 

(Mm. 


^r; ««— -- 






*■■!« 

ilTijn 
t.un^i.auu 

'S 

ilml 
i.m 

am 
I,:--) 

.l..K«l 


'"fS 


*>.:(. 


Forpilorg««:niurao- 

For oil or sm: nn- 
prodnctive. 




gss-. 


















LawTODca.... 


' 






1 














Seyeral jircjupeot* [op 


















s.'??.Ki'iiu 












tioo. Whitley 


. 




-S 


Bom.'ituqiit.'KnrMt 


V,^ 








oS'"ai„ ™™ 


ndle 


Boyd 

do — 

Harl&n 

BrecHnridge 

Boyle...::::: 


1(W11 






oSSii 












! 
















i^ii;- 








vlcintty;aalt water 
at VM reet. ntrouB 

oR™"'""-- 
















-8 






« 
















fei„::::: 
.^To"::::::: 

do 










1 


w^v: 


Plowi 




.lies 


















on proepect; ftbwi- 

dooed. 
T«mp.8lr. 


„,. 


Uroenup-.-.- 

Pulaski 

....do 


« 


Many. 


Flows. 






I, 


salt water at .'iOO 


■nilee 




1 








1 


Ar^a'oSrd'- 




Wbftley 

Maroer. 

HaDoock.... 


" 





;;;;;;;■ 




■earl 






^.Je5„«t for ase. 

Salt water only. 
Batt wpll. 
Coal proepoL't. 

rt. yv.\. 1. new series, 
■nm Slid Natural Has. 


""" 




Fiow.:- 








GeoL Sury. Hojiort!., 
^..PetroIpiinioiiiiNH 


l^&efl 


tfi 


^.155- 
rv. Hepo 

v..Pi.|ro 



and liatural GaH.e' 
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KEyTUCKY-<:k)ntinned. 



Location. 



Connty. 



Depth. 



I 



Diame- 
ter. 



Yield Heiebt 
per I or 
minute, water. 



Remarks. 



Feet. 

Henderson^ Henderson.. +901) 

Henderson (near) do I, (©4 

Henderson (10 miles l do 430or 53tt 

flonth).* ! 
Hendricks Magoffin 



Incheit. Gallons. 



Fet't. 
Flows. 



Hood Creek*. 
Hopkinsville^. 

Inez 

Do 

Keene , 

Lagrange ^ . ... 



Lawrenoe... 
Christian ... 



Martin.... 

do 

Jessamine 
Oldham... 



Do.» 



do 



Lagrange 
south).* 
Laurel • . . 



(1 mile , 



Lawrence... 



2.4i*4 

l.KiTt 
l.tifW 

2.300 

UoO 

2.(110 

1.500 

l.aiT) 
l,tt25 



.do 1,840-2,.W7 



Leatherwood Creek 

(mouth). • 
Lexington 

LouisaCaOmiles west )* 



Perry 



Fayette 

Lawrence | 



Louisa ( 9 miles south- 


do 


west). *• 




Louisville (Du- 


Jefferson 


pont's)." 




Louisville (Phoenix 


do 


Brewery). 




Louisville (St. Pat- 


do 


rick's). »» 




Louisville (Haynes's 


do 


farm).»» 




Louisville (McGtohee 




farm)." 




Montif^elln . . 


Wayne 

Union 


Morganfleld>« 


Morgan towm - ^ 


Butler 


Newport *• 


Campbell 

Daviess 


Owensboro'* 


Do. 


do 


Do 


do 


Owensboro (2 miles 


do 


east). 




Pactolus (near) '' 


Grayson 



410 

87.5 
2,106 

2.407 

2,0H6 

1.800 

1,900 

1.000 

1,000 

X)-7U) 
525 
500 

2.007 

1.000 

1.480 

1,20«» 
1.000 

1.4«0 



PaducAh'" Calloway .- 



Panola 



Madison 



Boyle ; 

Bell I 

Livingston...' 
do 



1,250 
1,70C) 

(J50 
mi ' 
1,200 

4-1.. TOO 



Perryvillo 

Pineville 

Smithland" 

Smithland (Taylor 
farm). 

* Ky. Oool. Surv. , Petroleum and Natural (ias, 

et<*., by E. Ortf>n, p. 19.). 
9 Ibid., p. 106. 
' Re<'ord, Pa. 2d Geol. Surv. Rei)orts, vol. I*, 

p. 339. 

* Ky. (ieol. Surv., Petroleum and Natural Qas, 

etc., by E. Orton, pp. Iti3-lrt5. 
•Ibid., pp. 167-168. 
•Record, Oool. Surv. Pemi. Report I*. Oil and 

Gas Region, p. 33J). 
' Record, ibid., pp. 3:iV33». 
^-Kv. Geol. Surv. Roptfl. 1K'4-18.'>5. p. 228. 
•Record, Pa. 2d Gooi. Surv. Repts., vol. I*, p. 

31 J8 
«o Record, ibid., pp. .3:^-338. 
"Record and analysis. Am. Jour. 8ci., 2d se- 
ries, vol. 27, pp. 174-178. 



Brine. 

Do. 

I T wo wells: one srields 

I eras. 

^-o i Some oil; no water 

below 825 feet. 
Oil well. 

Some gas and oil at 
bottom. 

For oil. 

For oil 40 yean aga 

Flow of salt water at 

1.400 feet: no gas. 
Salt water at I,2U» 

feet: no gas. 
Gas well. 

Sulphur water a*: 
1,007 feet. 

For oil or gas; onsnc- 
cessfnl. 

Salt weUs. 

No water sui^y. 
For oil or gas; anpro- 
ductive. 
Do. 

Mineral water; temp. 

8tti* (or76i«*). 



Temp. 57.20; salt wa- 
ter. 
Some gas at 400 feet. 

No product. 

Oil wells. 

For oil; abandoned. 
Oil, gas, and ooal. 
Much water at 1,660 

feet. 
Brineat765feet; poor 

water below. 
Salt water at 780 feet; 

none below. 

But little gas. 

For oil or gas: unpro- 
ductive: much salt 
water at 1,475 feet 

Salt water at 150 and 

1,7(0 feet 
For oil; nnsnooessfnl. 
Oil well. 
Unsuccessful. 



1 












- 






3 

8 


254 
Many. 
Many! 


+ 170 

-f 60 

Flows. 












o 










i 


4 


1 








i 










-100 






4 






: 














1 


1 







'"^Ky. Cieol. Surv., Petroleum, Natural Gas, 
etc., by Or ton, pp. 169-170. 

'3 Ibid, p. 173. 

X Ibid., p. 205. 

'* Recora and analysis. Ohio G^eoL Surv. Re- 
port 1888, vol. 6, pp. 29K-a)0. 

"Ky.Geol. Surv., Petroleum, Gas, etc., by Or- 
ion, p. 194. 

' ' Record, Pa. Geol. Surv. Report I* on Oil and 
Gas Region, p. 34<i. 

^•^ Record, Ky. Geol. Surv. Description of Jack- 
son Purchase Region, pp. 321-326. 

'» Ky. Geol. Surv., Petroleum, Gtaa, etc., by Or- 
ton, p. 198. 
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KENTUCKY— Continued. 



Location. 



Union town 

Uniontown (Davis 
mill). 

Walton 

Warfleld (near)* .... 

West Point (vicin- 
ity).' 

Whjtesbnrg 

Williamsburg (10 
miles above). 

WilUamstown 



County. 



Union.. 
do .. 

Boone... 
Martin. 
Hardin. 

Letcher 
Whitley 

Qrant . . 



rk«..*». Diamo- 
Depth. ^^^^ 



Feet. 
1,079 
+400 

1:400 

-fi.aw 

400 

400 
500 

fiOO 



Inchea. 

4 

5^ 



Yield HeiKht 

J>er of 

nnte water. 



Gallons. 







Feet 
Flows. 
Flows, 



Rt»tnarkH. 



For gan. 
Salt water. 

Qhs well. 

Do. 
For ffas; uiihuco«h»- 

ful. 
8alt wells. 
For oil; unsucceHHful. 

No water Inflow IW) 
foet. 



PRINCIPAL PUBLICATIONS RELATING TO DEEP BORINGS IN KEN- 
TUCKY. 

Seventh Rei>ort on Oil and Gas Fields of Western Pennsylvania for 18><7-s8, by 
John F. Carll, Pennsylvania Second Geological Survey Reports, volume I , JJoO 
pages, Harrisburg. 1890. 

Kentucky Geological Survey Report for 1854-55, by D. D. Owen, Frankfort, 1856. 

Oc<:urrence of Petroleum, Natural Gas, and Asphalt in Western Kentucky, by 
Edward Orton, Kentucky G^eological Survey Report, 1888-8.), 232 puges, Frankfort. 

IjOUI8IANA. 



Location. 



County. 



Aldenbridge 
Alexandria.. 

Do 

Do 



Boesier.. 
Rapides. 

do... 

...do... 



Allentown ... 
BoBCoCity — 
Baton Bouice. 



Do 

Bayou Sara. 



Do... 
Benton . . 
Bolinger. 
Boyce ... 
Colfax... 



Bossier 

Ouachita 

East Baton 
Rouge. 

do 

West Felici- 
ana. 

do 

Bossier 

do.. 

Rapides 

Grant 



Cote Blanche Island . St. Mary. 
Crawford do .... 



Crowley , Acadia.. 

Delta Madison 

Dubach Lincoln. 

Hammond Tangipahoa. 

Lake Charles 

Lake Charles ( 2 miles 
east). 

Do i do 

Do do 



Calcasieu .. 
do 



Lake City . 
Marksville 



Jefferson ? . . . 
Avoyelles 



Depth. 



Diame- 
ter. 



Yield ! Height 
per or 

1 mmute. water. 



Remarks. 



Feet. 
•100 


Itiches. 


GcUlona. 


Feet. 


r35 

850 


10-« 


27(H 


4-4 


690 








4U0 








400 






-») 


1.001) 


243 


-30 



760 

450 
500 
500 
810 
1,103 

450 
rtJtt 






KMl ; Flows. 

4 347 +2 





i 


+1 















i8 , 

42 


fl5 


2i 



104 

18 



312 



473 
535 
4iW 

510 

5410 

1.200 



•1-4 
4 



100 



+2 



-6 



+ 12 

:18 
+ 10 



Four wells; tt^mj, 

85«±. 



Water at 75«> feet. 

Temp. 70**: twowelk 
Temp. 63°. 



Temp. 60°. 

Temp. 62°: siilty 
water; muoh gwA. 

Pumj)8 .347 gallons; 
Temp. 62°: nevoral 
other woIIh here. 

Purap» 312 gallons. 

No water. 

Deep well. 

Fowr wells; temi).t>4*. 



»V-4 Flows. Two wt'llH 



> Record, Pa. Geol. Surv. Revert P on ( >il and Gas Region. i)p.:«»-344». 
* Ky. Gkjol. Surv., Petroleum, Gas, etc.. by Ortou, pp. 180-181. 



IRR 57—02- 



4 
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L,OU 18 1 AX A— Continned. 



Ij4M-ati(>n. 



Mindon 

New Iberim... 

New OrleaDH. 



New Orleans (Canal 
street). 

New Orleans 

Winnfleld 



Connty. 



Wobeter 
IberU... 

Orleans . 



do 

do 

Winn 



^ ,», Diamo- ^'*«>d , Height 
Depth. t^Ir P®'' of 



ter. 



minute, water. 



Frtt. 
1.000 

aoo 
i.ar^- 

l.UK) 

3,00(» 

1.300 
1. 1(»> 



Inches. GallonM.] Feet. 

No flow. 



-4-15 



Remarks. 



Several wells: tenpi 
Bored in 1«M. 



Temp. 70«. Also i 



MAIXE. 



I 

Aatfusta K(*nnob(H> 



570 



10 No flow. In ^anite. 



MAUYLAXD. 



Arbutus : Baltimore... 

Baltimore (National do 

Brewery). 
Baltimore (Malt by do 

property). 
Baltimore (Spr in iT do 

Garden Brewery). 
Baltimore (Han n is do 

Distillery). 

Baltimore (Sea well) d«> 

Baltimore (Baum- do 

Schmidt's Brewery ) 
Baltimore ( Von Der I do 

Horst's Brewery ) . ! 
Baltimore (Brehm's do 

Brewery). 
Baltimore (Adler'n do 

Brewery). 

Bay RidKe i Anne Arnn- 

I del. 
Centerville ' Qne<*n Anne 



Clailwrne » Tallwt . . . 

Cumberland , Allei^pany . 

Crit*fleld i Somerset 



•I 



Do ; do.. 

Do.' do . 

Deer Park Garrett 

Easton i Talbot . 



Elkton VocW 



Do do 

Do ' ... do 

Fort Washin^rton 

Frederick Frederick . 

Froetburg Allegany. 

Indian Head Charles .. 

Salisbury* Wicomi«'() 

Sparrows Point 



775 
4.111 

»I0 

.lOii 

800 

.">dL» 

400 
4.T> 
1.300 
i«lri 
470 



6 


201) 
Many. 









None. 
2fi 


8 


25 

130 



No flow.; 

No flow. 

No flow. 

I 

No flow. 



No flow. 
i 
No flow. ' 



Not flnished. 



rt-4 



2i) Irony water. 



««.') Many. , N e a r 

! surface. 



2.011) 
l.Ols 

1.0t« 

1.000 

2.010 

tiOII 

4W 

400 
407 



Many. 
H None. ' 
3 Pumpe 
2U). 



Flows. 





4 
2i 


130 


Flows. 
Flows. 
Flows. 




None. 
















. . j . - 


■ 


li 




70 
None. 
11 


+3 
No flow. 





Tilghmans Island Tallx>t 

Tunis Mills do. 



1.140-W6 
701) 
46:) 
424 

4a'» 



370-420 Many 

4:«) 2 Pnmp« Flows. 

100. 



Water at 4C8 and <MS 

feet- 
Water also at 3M) feet 
Abandoned. 
Flows 40 gallons: aa- 

Une water. 
Saline water. 
Do. 

No water below 100 

feet. 
Water very unsatis- 

fa<'tory; temp. 45*- 
Abandoned. 
UnsuccesafuL 



Abandoned. 

Water at 287 feet. 
No water below 210 

feet. 
4 wells. 
Flows 6 gallons 



• Rocortl, New Jersey Oeol. Surv., Report for l?<i»ft. pp. 8l-«?. 
•^ Vr S. Geol. Surv., Bull. l.'W. p. 132. 

3 R.'cord. U. S. Oeol. Surv.. Bull. 138. pp. 128-130. 

• Rec4>rd, New Jersey Geol. Surv.. Rejwrt for 18W. pp. 113-115. 
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■nCold Suffolk . 






osnj£?rT' 



IHnlpbnrvater; uood 
water iSB-UH feel: 
well abandoned. 
. I No water below V«l 

. . UiunccusiifQt. 





aff"::::! 








aSp:::: 


:::::::; 


'•«tf:::::: 


::;:::«^;:: 



. No flow. I 

.. MoHu*. I i wpIIb; i 
ulty. 






Few 






s 










Very No flow. 




" 


*""'!rNo»™: 



MIC1II4JAX. 



l.itti-l.SW' I SovcralHsllw 





'S ::::"::;. 




' Calhoun 

- B.y^_. . 

Bay 


;;:;■' '". S.,!' 


.'i-l.iiin 


; fn vl.-tolty 
wilt'^ds. 



Jdi. Oeiil. SurF. R^porlH. It 



T Supoly "iid lrrJ«ftlioT 

.S.partS.p.H). 
jl-ipartLp-Wa. 
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' Uo»v>rd. Mich. Oeol. Snrv. R»»i>ort». ISv^l 1S«1, vol.5, jwrt 3, p. 5i>. pi. «'. 

* nnd..p.51,pl. 7. 

« Ihid.. p. 53; Mich. Gool. Surv. Re^jorts, lS7:i-l.<7il voi. 3. i»art 1 . p. W. 

* r. S. C4«>1. Surv. Water Supply and Irriiratiou Papt»r, No :>». p. S7. 

* Rt»<x)rd, Mich. Geol. Surv. Re|H>rt.H. IHSl l?<l«. vol. 5. i>art 2, p. .t3. pi s 

* Mich. iiiH>\. Surv. Roi»rts, lSf<l-l.s«l. vol. 5. \^\t 3. p. ."»:i 

» Re<Mird, Miob. Gt>ol. Surv. R«iK>rtji, Isr3-ls7rt. vol.3. part l.p.v<7-N<. 
"Record, Mich. l*eol. Surv. Rejx^rt^ 18S1-1S«1. vol .'». part 3. p .V4.pl 1" 

* Record, Mich. GtH>l. Surv. Reports, lJ<7;^-lv«<7«. vol.S.ivnrt l.p.«V 

»• Record, Mioh. G«oL Surv. Reports, l.sjil-lSitJ. vol.5, imrt 3.p..%4.pl. 11. 

»» Ibid., P.M. pi. 12. 

•Mbid., p.'Vi.pl.lS. 

»Mbid., p..V»,pl.K 

»< Ibid., p. .Vi: Mich. Ge«^l. Surv. RetK»rts. lS7;i-l.s7rt, vol. :>. ivirt 1. pp iH-W: Analysis p. IS:? 

>» Record. Miob ae«M. Surv. R*»ptirts. issi-lswi. vol. 5. iv»rt 3. p 5.: Analysis. Miob. O^ol. Sur^ 

Reports. lsr,V^l.<7t». vol. 3. jvirt 1 . p 1S4. 
»• Record, Miob. i^^l. Surv. Rej^rts, l.-^M-lJ^KV vol .Vx^rt 3.p..V< 
«' n>id., p..V<: Miob. l^-ol. Surv. Repi^rts, L'i7:VlS7n. vol 3,part l.p 97. 
»• Record. Miob Oei>l. Surv. R<»ports, l!v<l-l.««l. vol V part 3. p 5S», pi 1^. 
*• Analysis, ibid., p .V. 
'•Record, ibid . p 61.pl 3ii. 

'» Ibid., p ft!: Mich. Geol. Surv. Report*. 1SS3 lS7tK vol ;i. j^art I. ik Si 
»« Record. Miob. GeoL Surv. Reports, isjtl ijsyrJ. vol 5. ivnrt 3.p ti3.pl 33. 



I/(K'atloii. 

i 


County. 

liay 

Berritm 

. do 

M(H*oHta 

Kairinaw 

... do 

Thuron 

Ionia 

Charlevoix... 

Eaton 

. . . d(» 

Cbelx)y(cau . . 
do 

Branob 

do 

Saint .loHepb. 

do 

SbinwaHAeo . . 
Wayne 

('aM8 . 

... do 

. .. do 

. -do 

Saginaw 

IO(U*0 

Hay 

(JoneniH* 

Saint Jo««4>ph 
Sanilrn* 

Carp Lake. 
lHM»lanau. 

Benzie 

do 

Aluror 

Kent 

- do 

Huron 

Hillsilale .... 
I.<ivinirMton .. 
LaiM»er 

Ionia 


Depth. 


Diame- 
ter. 

IncheA. 


Yield 

i)er 

minute. 

(inllonn. 


Heijfbt 

of 
water. 

Feet. 


ReniarlLH. 

■ 

Brine at 3. 141-2, :« 
feet. 

Miiiornl WAti>r 


BayfMty» 

Bont<m HarlKir^.... 


Fvtt. 

3.H<y> 

1.305 
1.44)1) 

1.7H4 
74;^^)!) 
l,7:ft- 1,770 
41*< 

1 m^4Ki 

3.3l«» 

7:* I 

7(N) 
453 

447 

f.2lM) 

4-1.0»<<» 

W»7 

! 770 

1.5<4) 
3.300 

1.7(50 

3.:ioo 

m\ 
{m 

7.V» 

1.3ni> 

HI) 
.•lift (Ml I 

l.soo 
3.3m 

1.315 
3.3iM> 

( ?) 7a) 
l.(W) 

i.:«o-l..ViO 

,mO 

1.(W 

40lMttlO 


Do 

Biff Ranldn 


H)-4} 
8 


Many. 
Many. 1 


-30 
-30 


Bla<rkinar 


Salt well. 


(krrollton 

(!amtwelP 

Cha<lwick 


Several salt wells- 
Salt wells. 


Charb'voix* 

(Charlotte* 




Flow. 
3n 


Temp. 4*>*». 


Do 




Cholioy tfan • 


""i('M* 








Do 

(;<)ldwat<«r(woMtof >' 
D<». " 




To sur- 
face. 


Water at ISSi feet; 
brine at 283 feet. 


ConMtantine* 

Do.'" 


Stronjf brine at 88S 
feet. 


(/orunna^* 










Dotrolt (U niileM 

noith«*aHt ).>« 
Dowaifiat^ 








Some gas and water 

at lft.5 feet. 
Unsuccessful. 


Do 








Water at b7 feet; 


Do'T 

Do 









brine at 887 feet. 
Water at 90 feet; 


EaNt SuKinaw > « . . . . 








brine at 780 fei't. 
Salt well. 


Kant TawaH" 








Do. 


K»iMexvllle>« 


.»< 









Flint'' 


Salt well: fresh wa- 


Floronoo 


ter at 3«n feet. 
Salt wells. 


Forentville 


Al>andone<l and filled 


Ftmntain Point 

Frankfort •• 

Do.'" 

Grand MaralM 


It'tt)" 
None. 


4-15 
Flows. 


up. 

Temperature 58»; 

mineral water. 
Abandoned. 


Grand IiapiilM»" 




Fresh wat^r with gw 


Do 








and brine at l)Ot- 
torn. 


OrindKtone 








Altandoned. 


HillHdale*" 








Brine at 1. 100 feet. 


Howell 




1 




Gas: aliandoned. 


Imlay»» 








Fresh water at 190 to 


It»nin 


8 


Many. 


-^ t 


3a » feet: 8.^1 1 water 
at tU^ to no feet. 
No water below 3B 




feet : temperature 
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Locatiou. 



County. 



Depth. 



Ionia ' . - - 
Ithaca'.. 
Jackson' 



Feet. 
Ionia 4.50 

Gratiot 637 

Jackson |2, 1(X^2,455 



Do 
Do 



do 
do. 



2,700 
20A-4OU 



Kalamazoo J 2,250 

Bay 810-1,133 

Honghton . . . |l,5Q&-l,60e 



Kalamazoo* 

Kawkawlin* 

Lake Linden 

Lansing ** magnetic 

well." 

Lansing Hotel 

Laosing Reform 

Scho^.* 

Ludington^ 

Do." 

Ludington (1 mile 

floatn).« 
Manistee** , Manistee 1,W7-2,<R.*7 



Ingham 



do 
do 



Mason 

do. 

do. 



1,400 

740 

5(« 

2,220 
1,650 
2.280 



Do I do 2,015 

Marengo II Calhoun 460 

Marine aty>« St.Clair |l,470-l,7:i7 



Marine City (city do... 

well) " I 

Marshall** - Calhoun 

Maryville»» St.Clair. 






440 
1.150 



Melbourne . 
Menominee 
Midland**.. 
Monroe*^ .. 



Saginaw 

Menominee 
Midland ... 
Monroe 



Monn t Clemens ' '^ 
Muskegon >' 

Do.»* 



Macomb .. 
Muskegon 

do 



050 

+400 

l,300-l,3a> 

1,766 



1,080-1,244 
1.230 



NewRiver«* i 

Niles I Berrien 

Do." I do.. 



2,627 



1,029 
1.4:« 
1.140 



Diame- 
ter. 



Inchet. 



Yield 

per 

minute. 



Gallons. 



Heiffht 

of 
water. 



Remarks. 



50 



Fert. 



-?2 



Flows. 



10 



12-8 



Many. 



100 

1 



9 



Flows. 



Flow of 8we«'t \vat«'r 

at m) feet. 
S^n'eral wells: ;,'t)«>.i 

water. 
Several wells Flow 

of water at I.<kV» 

feet: hot water at 

1.820 feet. 
AbandoncKl. 
Large water supply: 

several wells. 

Two salt wells. 

Saline water. T*'m- 
perature ;>{ . 



lO-^-i 




-15 
















Flows. 






Flows. 
























8 


Several. 


+ 4 



10-5 



15 



+ 15 



Numerous salt wells 
in town aud vi<-iii 
ity. Black water at 
960. Some oil at 
1,«»5 feet 

Two salt well^. 

Several salt wells in 
and near town. 

Clear water KlTo- 
1,370 feet. 

Salt water at '» I') feet; 
mineral water UTO 
and 985 feet. 



Well now plugged ; 
water somewhat 
sulphurous. 

Several mineral 
wells. 

Flows of mineral 
water at ;CJ3 feet 
and 643 feet 

Strong flow of min- 
eral water at 7UJ 
feet, brine at 2,400 
feet. 

Salt well. 

Temperature 00-. 



» Record, Mich. Geol. Surv. Reports, 1873-1876. vol. 3, part 1. pp. 134-1:35. 

* Record, Mich. Geol. Surv. Reports, 1881-18JJ3, vol. 5. part 2, pp. 63-«4. 
> Ibid., p. 85. pis. 23-25. 

* Record, Mich. Geol. Snrv. Reports. 1881-1H93, vol. 5, part 2, p. 65, pi. 2»V 
» Ibid., p. 65: Mich. Geol. Surv. Reports, 1873-1876. vol. 3. part 1. p. Jm. 

* Record, Mich. Geol. Surv. Reports. 187;J-1876, vol. 3. part 1. pp. 117-118. 
» Record, Mich. Geol. Surv. Reports, 1881-1893. vol. 5, part 2. p. 66. pi. 27. 
"Ibid., pi. 29. 

•Ibid, pi. 28. 
»• Ibid., p. 66. pis- 30-32. 
»> ibid., p. 67. 
»» Ibid., p. 67, pis. 83-38. 
»» Ibid.. p. 67, pi. 39. 
"Ibid.,p.67. 
"Ibid., p. 68. pi. 40. 

'•Record, Mich. Geol. Surv. Reports. 1881-18«J. vol. 5, part 2, p. «9. 
"Ibid., p. 70, pi. 41. 

•« Record, and analysis, ibid., pp. 70-71, pi. 42. 

'•Record, ibid., p. 71, pi. 43; Mien. Geol. Surv. Reports. 187:J-187tl. vol. 3. part l.p.H4. 
"Ibid,, p. 86. 

" Ibid., p. 77: Mich. Geol. Surv. Reports, 1881-1893, vol. 5, part 2, p. 73. 
** Record, Mich. Geol. Surv. Reports, 1881-1893, part 2. p. 73, pi. 44. 
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L<M9iti0Il. 



Couuty. 



I 



Xiles' Berriwn 



Wayne . 

loHCQ... 



Norris 

0«c«xla' 

OwiiHsr>3 Hhlawamee 

Petoukey Kminet 

Poutlac* Oakland.... 



Dopth. 



ON) 

m 

Ur7lM,l(« 

i.iiiir) 

575 

l.Tilk') 



Diame- 
ter. 



Yield 

per 

lufnnte. 



HeiKbt 

of 
water. 



IiichiH. (inllonM. Fifrt. 



ID 8 



450 



+ln 



PortAuHtin' Huron l.mH-1.2i5 



Port Hope* do 

PortHurou' St.Clair.. 

PortHuron (l:2milea : do 

northweflt). 

PortHuron* do 

Port H'lrou Doer- do 

Hprintf. 

Portsmouth Bay 

Do." do.... 

Provemont I^eelanau 



787 
4J»H-785 



StroDiT tirhie at S9 

feet 
For fras: abandoiMd. 
BaltweUa. 
Brine at «M feet 
Temperature 50". 
Salt water at 1.101 

feet 
Salt wella; sweet 

water at 336 to 1.100 

feet. 
Salt well. 
Uas wells. 



Flows. 



Rom«H) »" 

KoyalOak" 

Do."» 

Sairinuw 

Do.!» 

Saginaw ( 8oUth- 

«»«Ht).»« 

St Clair >» 

Do.'* 

Stltoiat'e ^" 

St.JohuH 

St. Louit* 

Salnlmrg 

KnndVjeach ' " 

Do.'" . 



Macomb 

Oakland 

. . do... 

suintiHw 
. ...d...... 

d<i 



St.Clttir.. 

<lo.... 

Mac kinac 



Clinton 
(4riitiot 
liay 
Huron 
.... do.. 



1.7(W 
715 


1.(111) 
7UI) 


l.iMI) 

1,44MI 

711 k:H) 

C)4ii) 

1.7tM 


{•1» 
l.tW* 



.1 GaH and salt 

-150 Slightly mineral 
water. 



10 
tioo 



5»11» 
1,-110 



s Many. 



-:wo 

F1<»W8. 



I 



Stronach'-'" MuiiiHtit) 

TawasCity-' Iokc<i 

Thunder Bay Kiver 

(Ufar be<l).-- 



IJIH) l.Olii 

I l.irjo 

l.l»72 

l.ICi") 



Whiterock -> 
Winona 



Huron 
liuy .. 



Wyandotte '^* Wa v n«* 

Do 'd«. 

Ynsilanti \V a*<htenaw 

ZllwaiktH? '-'^ Siiginaw . . 



.V»5 1.311 
tUlo soil 

Nil Nil) 



Salt well. 

Sulphur water 300 
feet in rock. 



Numerous salt wella 

Brine at 350 and l.«» 

feet. 
Salt wells. 
SaltweU. 
Strong sulphur 

water. 
UnsueceaafuL 
Deep well. 
Several bait wells. 
Salt well. 
For gas: unsuoceM- 

ful. 



Salt well. 

Salt welL Flow ol 

mineral water at 

4(M)feet 
Several salt wells. 
Drill hole for copper 

ore. 
Abandoned. 
N umer ous salt weus. 

Several wells. 



» Record. Mich.Oool.Surv. Rep«)rts. lH7:Mf*7n. vol.U.iiart l.p.«J. 

- Analysis, ibid.. j>. 1^1. 

' Record, ibid..p.H7: Mich.(*eol.Surv. ReiK>rts.ls81-lrt«. vol.5.iiart 2.p.78,pl.45. 

» Record, Mich. Geol.Surv. Report**. iKHl lxJ«. vol.5.part :i.p.75,pl,47. 

^Ibicl .pp.75 :«: Mich.(HN»l.Surv. Reports, ls7:j-lH:tt. vol. :J, parti, pp. 77-78; Anal 



Analysis, p. !*& 

"n)id..p:7«. 

* Ibid. . i>. 77, pis. i8 .V). 

'■ lbid,.pp. 77, pi iu. 

" AnalyHiH. Mich. (*«*ol. Surv. Ro|M>rts, lM7:{-lJ*7ti. vol. ;t. part 1. 1). 182. 
»» Record. Mich Cfeol. Surv. R.-portH, ISSl-lSUl, vol. 5. i>art 'Z. p. 78. pi. 'ii. 
"Ibid..p.7!». 
'Mbid..p.7«,i.l.i-/>. 

'3 Ibid.. p. 79: Analvsis. Mich. (ieol. Surv. Rent .rts.l87:J-ls7»i. vol.3. iNtrt l.p.iaS. 
»« RtM'ord, Mii'h.(i«-ol.Surv.Rep(»rt>. l87;M'<Xvol.;t.part l.pp.lW-l»7. 
»- Reconl. Mich. Go<.l. Surv. ReiM>rt.s. 1?<K1 !««. vol. 5. i»arl ri, p. Tit. pi. iJ2. 
"'Ibid.,pl.»il. 

' ' Reconl. Mich. (4col. Surv. Ro|>orts. ISSl-WW. vol. .">. imrt 2. j). 7». pi. iW. 
»- Aualvsis*, Mich (Jool. Surv RciK»rts, 187:Ms7«. vol.3,part l,p. 184. 
J» Record. Mi<«h. G.-ol. Surv. ReiKjrts. 1881-181«. vol. a. iwirt 2. pp. 81-82. 
«" Record, ibid., p. Hi. pi. iiV 

3' R<-cord. Mich Geol Surv. Reports. 187:M870. vol.3. i)art l.p.79. 

" Mi<:h.(Teol. Surv. Reports.lKr.l l87t». vol.3.part l,p.40. ^ ^ 

'^^ Ibid. pp. 7s 77: AnulvHiH. p. 1S4: Record. Mich. Geol. Surv. Reiwrts. 1881-1803, vol. 5, parttP-"*- 
■J< Record. Micli. (4col. Surv. Rei)orts. 1x81 18aj. vol. 5. part 2. i). 87. id.Ott. 
'•'^ Analyaib, Mich. Geol. Surv. Rei>ort8, 1873-1870, vol. 3, ijart 1, p. 185. 



BEEP BOEINGS IN THE UNITED STATES, PART I. 



55 



LIGATIONS RELATING TO DEEP BORINGS IN MICHIGAN. 

9olQgy of Lower Peninsular of Michigan, by C. Rominger, Michigan Geo- 

urvey, vol.8, part 1, 285 pages, New York, 1876. 

dology of Lower Michigan with reference to deep borings, etc., by A. C. 

Ichigan Geological Snrvey, Vol. 5, part 2, 100 pages, plates, Lansing, 1895. 

ris of many of the well waters are in '* Lower Michigan Mineral Waters," 

Lane, U. S. Geological Survey, Water-Supply and Irrigation Papers, No. 

lington, 1890. 

Beeourcee of the Lower Peninsular of Michigan, by A. C. Lane, U. S. 

al Survey, Water-Supply and Irrigation Papers, No. 30, 07 pages, platee, 

rton, 1800. 

MINNESOTA. 



btion. 



CouDty. 



Depth. 



Mower 



Feet. 



le 



Scott 

Swift .... 

ti i Faribault 

' do.... 



alley* Traverse 

le* Houston . 

Iter ' Dodge 

L:S miles ! St. Louis. 



teapolis^. ... Hennepin .. 
I Sherburne 



Rice 

St Louis 



lac 



n. 



lis 

lis (Lake- 
•meterv) • . 
lis (West 

9 

lis (C. M. 
P. R. R. 



Fillmore . 
Freeborn 



msey. 
McLeod. 

do... 

Bigstone 

Meeker . 
Dakota.. 



Sibley. 
Kittson 



Scott 

Kandiyohi . 
Wabasha... 
Redwood .. 
Blue Earth 
....do 



Hennepin . . 
do 



Diame- ^^^^ 
**'■■ minute 



Inches. ' Gallons. 
l()-8 230 



Height 
water. 



Feet. 
-H 




Remarks. 



Fine water from fiOO 
fe<*t. 



First flow at 420 feet; 
second flow at iS& 
feet. 

Railroad well. 
Mineral water at 
l,2S5feet. 

Several wells in vi- 
cinity; only flow is 
at d06 feet. 

Siflrns of gas. 

Salty water; bored 
for gas. 

Unsuccessful. 



Two wells; granite at 
510 feet. 

Water nllghtly salty. 

Temp. 5(>«. 

Salty water at 170- 
180 feet. 

ITnauccessfnl. 



Unsuccessful. 
Several wells. Water 
ferruginous. 

1 Several wells unsuc- 
J cessful. 

Water at 188 feet. 



i, Minn. Geol. Surv. , Uth Ropt., 1885. p. U. Report Special Comm. U. S. Senate on Irriga- 

teclamation of Arid Lands, vol. 4. Washington. 1890. p. 48. 

i, Minn. Geol. Surv. . 13th Rept. , 1884. p. l&. Report Special Comm. U. S. Senate on Irriga- 

reclamation of Arid Lands, vol. 4. Washington, 18110, p. 48; Mimi. Acad. Natural Sciences 

l,No.l.p.l42. 

0, Minn. Geol. Surv. Bull. 5. Qas in Minnesota, pp. 31 -.35. 
d, Minn. Geol. Surv. Report, vol. 5, 1876, pp. l.>f-156. 

d. Minn. Geol. Surv., 13th Rept., 1884, pp. 56-57; Analysis and Hocord Minn. Acad, of 

dences Bull. vol. 3. No. 1, pp. 13t-141. 

d and analysis, Minn. Geol. Surv., 13th Rept.. 1884, pp. 42-47. 

1, ibid., p. 58; Minn. Acad. Natural Sciences Bull., vol. 3, No. 1, p. 142. 

1, Minn. Acad. Natural Sciences Bull., vol. 3, No. 1, p. 141; Minn. Geol. Surv., 13th Rept.> 

pp. 137-138: Ibid., pp. 50-M. 

lifl. Ibid., p. 137; Record, Minn. aeol. Surv., 14th Rept., l»8r», p. W. 
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Location. 



M i no eapol in ( Sol • 

dierH* Home). 
Minneapoli.M ( WIdh- 

low Hou»*««. 
Minneopa Falln > 



I Divine. ^^^^^ Height 

(Nmnty. ' Depth. 7^ per ot 

I ^ minat«. water. 



Renutrkn. 



Montioollo 
M<K>rhead^ . 

Do.' . . 



Hennepin .. 

do 

Blue Earth 



Wright 
Clay.... 



Now Germany 
Nopthfleld . . . . 



Owatonna . 
Pine(.Mty. 
Piljestone. 
Plainviow , 
Rod wing* 



do 

( 'arver 
Ki<^... 
Steele. 



PipeHtone. 
Wabasha . 
Goodhue.. 



St. Charles 

St. .Tames 

St.Paul(G.X.R.R.» 
St. Paul (Elevator 

(V.. 1.5 

St.Piiiil (St. P. 6c D. 

R.K ) 
St. Paul Transfer 

Kail mad. 
St. Paul tWoBt. M. 

andN.W.R.R.). 
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Department of the Interior, 
United States Geological Survey, 

Division of Hydrography, 
Washingtoriy D, C, June 29, 1901. 
kve the honor to transmit herewith a manuscript prepared 
;. Lippineott, giving the l*esults of surveys and investiga- 
iter storage and power development on KingH River, Cali- 
lis investigation was begun as part of the general plan for 
5 the water resources of the country and the extent to 
Vrid Lands could be reileemed by irrigation, 
bo assist this work and make it more complete the Cali- 
3r and Forest Association, organized to i>romote the irriga- 
[>ments of the State, placed at the disposal of the Geological 
sum of $1,000, which had been raised by private subscrip- 
Idition to this a local organization known as the Kings 
*ge Association, cooperating with the other body, increased 

by $1,500, to be used for field expenses, 
ork the drainage basin of Kings River has l)een explored 
inary surveys and estimates prepared sufficient to justify 
ents that works can or can not be economically con- 
certain localities. It is not the object of this investigation 
lished working plans or final surveys upon which speci- 

contracts could be matle, that detail being left to those 

ave in charge the actual construction of the works. It is 

jwever, that the estimates are sufficiently broad and con- 

> enable general conclusions to be drawn. It is understood 

Bed's of this Survey have no concern with the question 

ch works are to be built by private capital or by public 

• object being to ascei'tain the important physical features. 

ktioii on Kings River is to a cert^ain extent tyjucal of that 

nber of imi)ortant stieams of the West, and as a result of 

ligation it is believed tliat the reclaimable area can be greatly 

•y the construction of storage works and also of power 

Leans of which, througli electrical transmission, pumps can 

[ at small expense out on the broad valleys. The demon- 

bhese conditions will prove one of the most important steps 

transformation and utilization of the fertile but arid lands. 

respectfully, 

F. H. Newell, 

Hydrographer hi Charge. 

^RLEs D. Walcott, 

rector United States Geotagiral Surrey. 
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iTORAGE OF WATER ON KINGS RIVER, CALIFORNIA. 



By Joseph Barlow Lippincott. 



IiOCATION AND PHYSICAIi FEATURES. 

Kings River rises on the western slope of the Sierra Nevada, in 
Fresno County, Cal., draining the crest from Mount Whitney on th(i 
south to Mount Groddard on the north. Mount Whitney, with an 
elevation of 14,898 feet, is the highest mountain in the United States. 
The divide to the north culminates in numerous peaks, which reach 
Blevations greater than 14,000 feet. This crest probably displays the 
most rugged and the grandest scenery in our country. Above the 
10,000-foot contour th^ drainage basin of the river is largely bare 
?ranite, supporting a scanty vegetation and carved by the action of 
glaciers. This is clearly shown in PI II, A, and in PI. III. Between 
the 10,000- and the 1,000-foot contours the mountains are covered with 
anderbrush and large timber, the most extensive forest of Sequoia 
^^Xishingtoniana growing here. (See PI. IV, A^ a view southeast of 
Millwood, at an elevation of 6,000 feet.) The distance from the ci'est 
of the mountains to the mouth of the canyon of the river, on a direct 
line, is approximately 50 miles. Fully 80 per cent of the drainage 
basin is now included within the boundaries of the Sierra Forest 
Reserve, which is patrolled for the prevention of fires and illegal 
herding. The Government will grant no more private holdings within 
Ihe reserve except for mining or the development of the water 
r^urces. This is of prime importance to the irrigated lands below, 
fer it means the conservation of the stream, and the action has been 
token none too soon, for great destruction of the forests has already 
l^ii occasioned by fires and lumbermen. The largest grove of big 
^8 in the State is now being sawed up at Millwood. PI. IV, j5, 
18 a view in the Converse Basin, and shows the wasteful, destructive 
limbering that has been carried on there. 

The river debouches from its mountain drainage basin upon the 
plains of Fresno, Kings, and Tulare counties. These lands are some- 
^mes referred to as the Kings River delta. They are near the geo- 
S'apluc center of the State. Fresno and llanford are the principal 
^wns. They are about 200 miles distant from San Francisco and Los 



12 STOKAOK OK WATKR ON KINGS BIVKR, CAL. lso.5«. 

Angeles. The counties referred to present a variety of climatic con- 
ditions and soils. The altitudes vary from 250 to 14,000 feet. The 
l^oast liange on the west> consists of nulling hills, and the country 
between those mountains and the Sierra Nevada, to the east, is a 
valley comprising river 1)ottonis and uplands. The Sierra Nevada 
is divided into thn»c regions — the foothill region, the timber or 
forest region, and the region of snow and ice. It will readily be 
understood that with so varied a topography a variety of olimaticcon- 
<litions would noeess^irily exist. The yearly seasons in San Joaquin 
Valley are two — a dry season an<l a wet season. The former usually 
begins about May 1 and lasts until alioutthe middle of October or the 
first of November, wlH»n the rainy season begins. The average rain- 
fall is 8.70 inches annually at Fresno. There are abont 275 days 
of sunshine in the year. The rains in the winter seldom last 
more than two or three days at a time. With the exception of verj* 
rainy days there is no time during the year that men and teams can 
not work out of doors. The mean average winter temperature is 
about 00"; the average summer t4Mni>erature is 80**. The atmosphere 
during the summer months is dry, and the heat is not nearly so oppress- 
ive as in localities where the atmosphere is damp. The health reports 
show that Fresno has the lowest death rate of any city in the State. 
The mountain regions of the eastern portion of the district are always 
(jool. They can l)e reached in about eight or ten hours' drive from 
Fresno. 

There are probably few eciual areas of country where a greater 
variety of valuable commodities are iinxluced than here. Lumber, 
gold, copper, petroleum, grain, oranges, lemons, many varieties of 
deciduous fruits, grapes, raisins, win<»s, and brandies are produced m 
<;ommen :al <iuantities. Theix* are mon> than 500,000 deciduous fruit 
tripos in Fresno County, an<l the number is l>eing increased each sea- 
son. Tliei-e are about 40,000 acres of vineyards producing raisin and 
wine graiH»s.'* 

Irrigation is necessary for the production of all varieties of agricul- 
tural prcMlucts, with the possible exception of grains. There are 
about (>25 miles of main irrigation canals, covering 380,000 acres of 
land on \\w Kings River delta. It is l>eliov<Ml that a good water right 
on valley lands will add *50 pc»r acn» to thcMr value and $90 per acre 
to the value of t he so-called f rostless foothill lands. The duty of 
water may bt» takf^ii at 2 aci^e-feet, or 24 inches in depth, each year. 
Thus an acre- foot of water is woith from $25 to $45 delivered to 
the land. 

As Kings Iliv(»r leaves its canyon, about 12 miles east of Sanger, in 
Fnisno County, it is inunediatelydiverte<l by a .S(;ries of canals, shown 
on the ma{>of the valley lands (PI. V). The areas irrigated from the 
river, extending from Fresno on the north to Ilanfonl on the south, 



* In tho fall of VM\ 1,4(NI c.'irloiidH of urnnGToH W(>rr shijiiKxl from tho district betwoen Fresno 
and Portcrvllle, and this industry i.s only iii itH infunry. 
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Ethe most extensive that are watered from any one stream in the 
ie. The canal companies which associated themselves in the 
BB River Storage Association decided to contribute for the investi- 
■jlkni amounts proportional to the areas of land served. For this 
each company filed with the association statements of the 
irrigated. These figures, which are given below, possibly repre- 
wmt the areas that are irrigated in good years during the period of 
pring flood of the river, and in some cases may be in excess of the 
ind actually watered. These canals all have head works of a rather 
porary nature, consisting of rock-filled cribs or brush and rock 
, as shown in PL II, B. 

Lands sertfed by canal companies diverting toaterfrotni Kings Rii^r, 

Acres. 

Fresno canal, whole system 160,000 

Lagunacanal 2o,000 

Alta Irrigation Company's canal 50,000 

Peoples* canal 25,000 

Last Chance canal 25,000 

OBnterville and Eingsbu^ canal !.... 20,000 

Morphy Slongh Association 20,000 

Lower Kings Biver 15.000 

Fowler Switch canal 12,000 

Stinson canal 12,000 

Crescent canal 12,000 

Emigrants* canal '. 3,000 

liberty canal 750 

Total 379,750 

During the May and June flood period there is usually water for 
he full cax)acity of all of the diverting canals, estimated at 4,00() 
«eond-feet, but the available supply diminishes rapidly after the 
oiddle of June, as prior rights take precedoiiee in the diversion. The 
wea watered is on the eastern side of the michlh* portion of San 
^oaquin Valley. The lands have a gentle wesUn-ly slope from the 
'oothills to the thalweg of the valley. The area irrigable from the 
•iver is far in excess of the available water supply. The distan(*e 
!iom the foothills to the central drainage lines of the valley is about. 
U) miles. 

This is the great raisin district of California. As already statc^d, 
many varieties of deciduous fruits are also successfully grown, and 
along the foothills it has been demonstrated that semi tropical fruits 
can be matured with success where water is available for continuous 
irrigation. Porterville, about 50 miles to the south, is one of tlu^ 
most successful orange and lemon districts in the State, and it has 
been shown, by many scattered orchards, that these fruits can profit- 
ably be grown to the east of Sanger. Along the foothills of San 
Joaquin Valley marked increase in winter temperature occurs within 
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a ritKt of H few hiiiidrtMl feet. The eitriiH l^elt, a8 is the case in s( 
erii California, is a narrow strip of land at the base of the mouut 

The 111*81. irrigators on Kin^H River naturally diverted the wat' 
Die lower flat lands, when* canals eould 1>e more cheaply oo^o**^' 
In that way the water rij^hts of the river have been applied to 
hinds, which am ndatively low in elevation and upon whie 
citrus fruits, tlu* most valuable crop, can not be raised. An im 
in th<* water sujiply will therefore i>cnnit the application of a pi 
of this wat<M' to the valuable foothill lands. The deciduous f 
which are ^atheivd largely fliinn^ the month of July, do notn 
ext<'nsive iatt^ suinnu'r irripition. The reverse is true of citrus i 
which do not ripen until Nov<*ni1>er or December and which n 
irripition throu^lioul. th<'suniiner. In a similar way alfalfa, the i 
forage crop of tlie St^ite, must 1)e irrigated thnmghout the hu 
season. In this portion of California lands which are sown to 
are (*apal)le of pnxhicin^ two crops in case a water supply isavn 
for lat<' summer irri|;ation. An incream^ in the water supply will 
fore permit improve<l irripition for areas now served, as well 
extension of the irri^ate<l area. 

The combined capacity of the canals leading out of Kings Ri 
statiMl to be ai)proximat<dy 4,(K)() cubic feet per second. In Se 
Imt, 1S!»s, the low-wat<»r summer supply of the river fell as low, 
cubic fe(»t per scMrond. Possibly the canals during spring flooc 
divei't. more than 4,fXH) s(»coml-feet of water, but not more than 
second-fe<»t if ap])lied iHMieficially. It is therefore evident th 
late summer sui)j)ly is wholly inadequate for the demands of the 
CO mi)a flies. (This is clearly shown in the discharge diagram) 
VII and VIII.) The division of this late water has resulted in 
litipitioii, and it is estimated that the canal companies have exp 
annuall}' about 840,(XH.) in legal controvemies over it, Tliis repr 
4 per cent interest on #1,(MK),0<)0, and results in much ba<l feelin 
in no increase in the su]»ply. During the spring and early su 
there is an excessive water supi)ly for all companies, and much 
is unused. Little if any wator is diverted duiing the inidwinU 
son. If summer water could l)e supplied with certainty it is be 
that midwinter irrigation would be practically abandoned. The ' 
pow(T develo[)ment <*oii.sid<»red in this report is on the Middle F 
Kings River, above all diversions for irrigation and above th 
templated diversion of storage water U) Clarks Valley, so that n 
one would intei'fere with the proposed power i^lant. 

During the last season (IJKM)) the profits from the imgated di 
around Fresno liave exceeded, it is estimated, ^2,000,000. This 
trates what, couhl be accomplished by extending the irrigation s} 
throughout the central valley of C-alifornia. Land favorably sit 
and with a good water right sells for about ^60 an acre when 
proved, and when in vineyard or orchard it will earn very good n 
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hat value. The same class of land without an irrigation supply 
s for about $10 an acre. The water supply therefoi-e represents a 
ue of $50 an acre. The water has usually been sold with the land, 
der the Fresno canal a continuous flow of 1 second-foot originally 
d for $1,600 and was made to apply to 100 acres of land, or at the 
€ of ^10 an acre. An additional charge of 62 cents per acre [xjr 
ir is also made for conveyance of water and repairs. Water rights 
1^X),000 acres of land liave been sold by this canal. In the Alta 
igatioii district tlio first cost of water was $5 an acre, with an 
Qual charge of 40 centos per acre for cost of operating. There are 
\0()^^ acres under tliis system. The rights of the Alt»i district to tlie 
er wat^r are subsequent to those of the Fresno canal. A detailed 
cription of these canals and their rights is contained in WatcT- 
)ply and Irrigation Paper No. 18, entitled Irrigation near Fresno, 
C. K. Grunsky. The lands of the Kings River delta are descril)ed 
Mr. Grunsky as follows: 

9Ar Centerrille the soil of the upland is a red sandy loam, resting on a yellow 
hardpan, which is nsnally at 4 to 6 feet below the surface. Hardpan is not 
inaoos; it disappears frequently at about one-half mile from the margin of 
ipland, where the surface soil becomes lighter and more sandy. At depths of 
etor more beds of cobble and gravel are found, which in proximity to the 
•iver bottoms afford thorough underdrainage to these lands. The soil is very 
active. Ground water is at 12 to 15 feet below the surface, 
stward from Centerville toward Fresno the soil of the plains is a loamy sand, 
^nerally rests on a firm clay hardpan, which is sometimes impregnated with 

Soil is from 1 to 3 feet deep. At the sinks of the several creeks near 
the soil is a deep, heavy, red loam, baking on the surface after being 

Where a hardpan substratum is encountered at all it is at 10 to :iO 
elow the surface. Westward from the immediate vicinity of the sinks of 
^ks the soil is a loamy sand, several feet deep, resting on a firm clay hard- 
The soil far toward the southwest merges into the sandy : oils of the alkali 
hich skirts the edge of Fresno Swamp, and these in turn are succeeded by 
;h peaty alluvium of the swamp lands. To the south of Fresno the sandy 
Fresno and central California colonies changes to the light so-called ixsh of 
ngton colony. The hardpan dips farther below the surface toward the 
and there are points in the latter colony where it has disappeared alto- 
. In the southern and southeastern portion of the region commanded by 
nal system sand predominates. The surface of the country is comparatively 
1, though occasionally crossed by low sand ridges. Firm hardpan partak- 
the nature of cemented sand, immediately below the surface soil is rarely 
It occurs most frequently where the surface presents the peculiar 
allow appearance. 

PRECIPITATION. 

3 precipitation on the plains between Fresno and Ilanford varies 
6 Inches in the central portion of the valley to U inches at Fresno 
6 inches at Centerville. Th(» only crop raised without irrigation 
iin, and this fails except when the rains avo opportune. The 
pitation in the drainage basin ranges from D inch(\s in San Joa- 
Valley, at Fresno, to fully 50 inches on the crest, where it is 
ly in the form of snow, which lies in gi-eat depths on the high 
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T IndlcabiB trace. 
Xo minfall records of cstoixltHl duratioii hiivo Ixtcu iii»iiit.Hinc<1 
the iii^ther portion of the (lmiritigi'lm»iii. A few miles to the north, 
I tlie 8am» slope, ut, Siiiiimeniale, tlic reoonl from ] K9G tn 1890 Hhowu 
iHverage of 47.S6 incheH. AtSciniiiia, onlhewiim'nmgc and slopo, 
'miles to the north, the average for thnn' yeai's, from ]8!i7 to 1900, 
ts 46.90 inches, the elevation being 4,452 feet. At Second <iarrott«, 
wjt ISO mile» to the northwoKt, on the same slope of tlie Sierra, a 
irteen-jear record showu an average rainfall of ■iS.HS inches, the 
pvation being i',900 feet. 

The rniny sea.'ton in California extendft from al>oiit the first of Octo- 
T until about the first of April, The nm\imuni monthly precipita- 
m probably occurs during the moulli of January. In the footliillH 
id valleys there is practically no rainfall during the Hunimer. In the 
oantains above 10,000 feet in elevation, however, fre«iuent thunder- 
onns occur in the afternoons, particularlyduringthe months of July 
id August. The rainfall on the western hIoik; of the sierras, in the 
win of the Tnolamne, increasefi at the rale of about 0.8 inch per 

feet until an elevation of appro.\imat«ly 7,000 feet is reached, 
■yond which there probably is no ineroase, though data Iiearing on 
esabject are meager. The mean annual rainfall for the basin is 
■obably about 40 inches and the stream run-off about 40 per cent of 
e minfall. 

BEGIMEX OF IirVTER. 

The periotl of minimum flow of the .streams is in Septemlier and 
'tfll>er. The rains falling in the foothills in the late autumn increase 
mewhatthe fall discharge of the river, but the heavier precipitation 

1 the higher monntains is retained until melted during tlie following 
imraer. The river gradually increases in volume after the first of 
Jbmary, in normal years usually reaching a maximum Iwtween May 
' and June 10. This spring water comes from the melting of the 
■eat snow banks above tlio ■l,OiXi-foot c<intour. Probably the greatest 
*o^ that occur in tliis drainage basin are brought about by warm 
^riog rains falling upon the snow in the foothills. Daring mid 

I&B 58—02 '2 



18 



BTOBAOE OF WATEB ON SINGS KITBB, OAL. 



SDmmer the flow of the river is maintained moelly from tlie meHing 
of the snow banks and small gladem near the crest. These nfiia 
entirely disappear. It is probable that during the mid and late sum- 
mer period there in a greater volume of water in the drainage lines at 
the 3,000- or 4,000-foot contour than there is in the main stream *t 
the mouth of the canyon, as the lower elevations of the drainags 
basin do not then contribute materially to the flow, and considerable 
loss by evaporation occurs in the lower reaches of the river. 

In November, 1878, the California State engineering department 
l>egan measurements of the discharge of Kings River at the base of 
tne foothills and continued them until October, 1883. The poiEtrf 
mca.suroment was above all diversions by the canals and shows tlu 
total dischai^e of the stream. ■ The results of these measurements 
are given in the following tables: 

EttwK^ed montUy dittAarge of Kings River at Slat« Point, CaL 
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lumlUy diaeharge of Kings River at Slate Point, Co/.— Ckmtinned. 





MeuidU. 

charge In 

second- 

feet. 


Total for 
month 
In acre- 
feet 


Run-off. 


Month. 


Depth in 
inches. 


Booond- 

feetper 

square 

mile. 


1881-82. 


280 

280 

880 

440 

1.280 

8,170 

9,190 

6,410 

2,020 

620 

890 

610 


18.686 

1^987 

23,866 

M,486 

76,869 

188.628 

666,071 

881.421 

124.206 

88.12S 

28.207 

87,607 


0.14 

.17 

.26 

.26 

.83 

2.08 

6.12 

4.10 

1.84 

.41 

.24 

.40 


0.13 




.15 




.22 




.25 




.72 




1.82 




5.28 




8.68 




1.16 




.36 




.22 




.35 








2,081 


1,612.406 


16.29 1.20 






1882-83. 


470 

840 

320 

340 

1,060 

2,2S0 

6.700 

6,730 

1,460 

600 

480 

420 


27.967 

20.906 

19.676 

18.883 

64.662 

132.000 

411.967 

400.463 

89.772 

86.898 

28.662 

25.825 


.30 

.22 

.21 

.22 

.00 

1.42 

4.48 

4.10 

.97 

.89 

.30 

.28 


.27 




.19 




.18 




.19 




.60 




1.27 




8.85 




3.68 




.84 




.84 




.27 




.24 








1,761 


1,277,675 ' 13.68 


.09 
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^tember, 1895, the United States Geological Survey has 
irements of the tot^l flow of Kings River above the diver- 
anals. The point of observation is known as Red Moun- 
Pl. YI, A,) It is 3 or 4 miles above the mouth of the can- 
thin a mile of the proposed point of diversion of Kings 
^ Clarks Valley reservoir, described further on. The data 
! dailj'^ fluctuation of the river as measured by the Calif or- 
Qgineering department are not available, but the aggre- 
ly and seasonal discharge for the years given by the State 
ow greater volume than the aggregate discharge as meas- 
e Geological Survey for the minimum year — 1808. The 
by the Geological Survey is given in the following tables 
11 graphically in th(^ diagrams forming IMs. VII and VIII: 

',ted vwntlUy diaeharge of Khujs River at Red Monntain^ Cat, 
[Drainage area, 1,742 sciuare miles.] 



mth. 


Disrha] 
Maxiiniim 


»5. 


3. (W) 




52<) 




1.s:M 




ro) 



Minimiim. 



tba 



■.i.'.m 



360 
320 
250 
260 

250 



Moan. 



778.0 
371.0 
368.0 
828.0 

461.0 



Total fbr 
month in 
acre-feet. 



Run-off. 



Depth in 
inches. 



46,294 
22,812 
21,898 
20.168 

111,172 



0.50 
.24 
.23 
.22 

i7v» 



Second- 
feet pep 
sqnare 
mile. 



0.45 
.21 
.21 
.19 

"T27 
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IMimated monthlif dUeharye of Ktngn River at Bed MomHain, OiZ.— Ckmtiin 
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3t five years, during which reconis have been kept by the 
kl Survey, have been years of relative drought in C^alifornia, 
i seen by the Fresno rainfall records (page 10), which are 
18 since 1877. The twenty-three-year mean at Fresno is 8.71» 
ad that of the last five years is 8.26 inches. The preeipita- 
ag the winter of 1897-98 was within 0.08 inch of the smallest 
pded. It is believed that the records of Uie Geological Siir- 
sent a minimum annual flow of the river, and that (^stimaU^s 
an them will be conservative. 

s once in ten years seasons of extremely low <lischarge may 
len there may be a shortage of water for tTie systems cxm- 
1 in this report, but it is believed that the shortage will not 
mough to be seriously detrimental to the inten\sts d(*pending 
water supply for either storage or iM)wer. It would hanlly 
e necessary, or good engineering, to plan works for a niini- 
^, which probably will not occur more than on(*(^ in ten years, 

the minimum year 80 or 90 i)er cent of tho wat<»r supply 
J available. A notable case in point is the Sweetwater rest^r- 
?h was entirel)' dry during the season of 1899-1900, j'et by 
I cultivation of the orchards and thc^ use of temiwrary 

plants a good crop was harvested from a very reduced 
' water. It may be stated that Kings River, which drains 
are miles of the western sloi)es of thc^ Sierra Xeva<la, from 
perpetual snow and from some of the finest fon^sts of the 
I be relied upon for a great wator supply. It is one of the 
reams in the State from whi(^h water is obtained for irriga- 
oses. 

lowing is a general summary of tlu* total volume of the river. 
KS for the first five years are from tlu* records of the Stat<» 
ng department, those for the last ^va years are from the 
■ the Geological Survey. 

Annual dinchanje of Kinijs Rii^r. 

Acro-feet. 

1,205,336 

2,003,941 

1,858,489 

- 1,512,495 

1,277,575 

year mean ^. . 1 , 571 , 507 

1,872,991 

. 2,129,964 

807,450 

1,297,760 

1,304,888 

year meau . 1,482,601 
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IIm ATkilabte aopplf fram tlw rirer is disenssed further in mnnce- 1 
Uon with the Fine FUU reeenroir site (pages 30 to 33) and the Cktbi 
Talloy naerfolr site (pages 89 to 43). 

KTAFOBATION AITD 8BKPAOB. 

BTsponticHi otMerratioiis were made by the State engineering! 
department of California from \oTember, 1881, to October, ISSA, I 
inottuive, at KingBbnrg, on Kings Biver, at so elevation of -2'j7 feel J 
abore sea and 80 mllM BoathweBt from the proposed Clarkti Vftlkyl 
reservoir site. The lesnlta of theee obeervations are giveu in the f4l"J 
lowing table. A pan was floated in the river and olwervatioiis wert: 
made daily thereon, the pan being kept at practieally the same ti 
peratore as the water in the stream. Hie tot^ mean annTiftl evapom- 1 
Uon observed was 8.861 feet. 



AqiMraMoii at Kluo^bmrg, on Kimgt JNwr.> 



DepQi la ftol. 
na-a. U8t«3 taa-ft 



• PbrrioU Data anil ntatiirUia of < 

The amount of water lost by seepage and evaporation by fla 
Kings River canals was made the subject of earefol study I^ C K 
Orunsky, for the ('ivlifornia Slste engineering department, in the 
snmmer of 1882, the results of which are given in Watoi^Supply 
Irritfation Paper of the United States Oeoli^ical Survey No. 18, pagv 
74, Tin; actual Ions by eviiporstton from the surface of the water while 
ill tnmoit in UmwuialH in vtsry small; probably 1 percent would cover 
it; Thv gnmUir Itsu is ocMinionei} by svopagG. The canals of this dis- 
trict are not all built on true Rriules, and hoiiio of them have swamps 
and pools along their i-ourses. In one instance — on the Centerville and 
Kingflburg ('iinal— a liws.of 52 second-feet was shown in 1 mile. The 
observations by Mr. Oruu-sky were made nearly twenty years ago, 
when the wat4>r plane waH not so near the surface as it now is, and 
consequently the seepage losses were greater than now. The general 
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BBult of his observations shows a loss of 307.11 second-feet in 50.8 
niles out of a total diversion of 860.83 second-feet. This amounts to 
L05 second-feet to the mile, or 36 per cent of the total diversion. 
The measurements on the river and on the Fresno canal were made 
bom about a half mile to 20.3 miles below its head, and showed a loss 
of 64.3 second-feet out of 133.83 second-feet diverted. On the Fresno 
canal the loss from about l^ to 2^ miles below the headworks was 
104.52 second-feet out of 381 second-feet diverted. On the Centerville 
and Kingsburg canal, from a half mile to 7 miles from the headworks, 
the loss was 138.29 second-feet out of 346 second-feet diverted. Rela- 
tively, the greater rate of loss in the canals was in the first few miles 
irom the headworks, where they are in porous soils, close to^ethc^r, 
and approximately parallel. 

The loss of water from a canal by seepage is governed by the rate 
of percolation, the area through which percolation occurs, and the 
period of time during which a given unit of water is exposed. The 
greater the depth of water in a canal the greater the velocity of iiow, 
and consequently the less time is a given unit of water exposed to loss 
by percolation in any section of the canal. This increase of veloc- 
ity due to greater depth is relatively larger than the increase of 
wetted area through which percolation takes place. For instance, if 
an earthen canal 40 feet wide has a slope of 5.28 feet to the mile and 
a depth of water of 2 feet it would discharge 220 second-feet with a 
velocity of 2.74 feet per second. With other conditions the same, if 
the depth of water were increased to 4 feet the discharge would be 
670 second-feet with a velocity of 4.19 feet i)er second. Thus, while 
the wetted area exposed to percolation increases 9 per cent the dis- 
charge trebles. For the sake of comparison, suppose the velocity of 
percolation were 0.10 foot per hour. Then in the canal flowing 2 
feet deep the loss per second per lineal foot of canal would be 0.00122 
second-foot, and with the canal flowing water 4 feet in depth it would 
he 0.00133 second-foot. Comparing this loss with the respective 
volumes carried by the two canals, we find that the relative loss 
of water in the large canal is but 40 per cent of that in the small 
canal. 

If the three canals referred to had been consolidated and all water 
nin through the Kings River and Fresno canal, then using Mr. Grun- 
8ky*8 data and the foregoing reasoning it would be safe to say that 
ill the first 11^ miles of the Fresno canal 95.51 second-feet would 
have been saved, and in the first 0.5 miles of the Centerville and 
Kmgsburg canal 138.29 second-feet would have been saved, or 233.80 
second -feet out of a total loss of 307.11 second-feet. This would 
"educe the loss to 8.5 per cent of the whole, instead of 36 per cent, 
which Mr. Grunsky found. 

It must be remembered, however, that the losses described occurn^l 
^ 50.8 miles of main canals, during the early stages of irrigation 
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development, and that pro])ably there would be on an average ai 
much more lost in the distribution latemls. Enough data are not at 
hand to draw accurate conclusions, but it is believed that undei 
favorable conditions fully 25 per cent of the river water would be lost 
in reaching the land to be irrigated. 

If water be drawn from reservoirs to supplement the low- water auj^ 
ply of the canals it will be water added to most of the canals and 
not subject to so heavy a rate of loss as, say, 25 per cent of the watei 
first diverted; probably 15 per cent would be nearer the actnal 
amount.'' 

UKCC)NNAI88ANCE OF HASTS. 

In the investigation of the* large basin of Kings River, which fron 
a hydrographic point of view was practically unknown, it was decided 
to ec^uip two parties for the season's work. Accordingly a reconnai» 
Siince party was organized and placed in charge of Mr. E. (4. Hamiltoii 
topographer from the Unit<Kl States (TiH)logical Survey. The work fli 
this party was largely exploratory, but at the close of the season tlw 
Clarks Valley n^servoir site was survc^yed by Mr. Hamilton. ^ Th( 
reconnaissance paity was instructed to visit all portions of the draitt 
ag<^ basin, make instrumentiil examinations of all i)oa6ible reservoii 
sites, and at tlu^ (»nd of each month n*port the character of the sitei 
found. A second party was organized, under the direction of Mr 
II. E. Green, an engineer of extended experience in the constructioi 
of storage reservoirs, for the puri)Ose of making more detailed sur 
veys of the l)etter sites found by the exploration party. The reoon 
naissanc(^ party n»ported upon and sketched seven reservoir sites, fott 
of which were survej^ed under the direction of Mr. Green. 

The following instructions wen^ given to the* engineers for thei 
guidance in making reports: 

Report on reservoir survey, 

(1) Give name of engineer in charyre and date of survey. 

(2) Name of locality. 

(3) Streams tributary to site. 

(4) Land title to site. 

(5) If i)ossibIe tie reservoir surveys to land surveys. The point of reservoir stf 

vey to be tied in is preferably the ends of the dam. 

(6) If the land is not subdivided, tie reservoir survey to prominent natur 

objects. 

(7) Estimate aie:i of tributary drainage basin. 

(8) (rive general statement of elevation of drainage basin and elevation of reee 

voir site. 

(9) State whether drainage basin is timbered or })are hills, 

(10) Compute water supply. 

(11) Give capacity of reservoir with various heights of dam. 

(12) State character of material for dam: earth, rock fill, or concrete. 



*8<?e a<lden<lu on pa^jo 99. 
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(18) For purposee of preliminary estimate consider— 

Earthen dam 20 feet wide on top; 2^ to 1 slope on inner face, U to 1 on onter 
face. Describe the qnality of the available earth, which shonld be a clay, 
sand, and rock, also give length of hanl. 
Rock-fill dam 20 feet wide on top; U to 1 outer slope, 1 to 1 inner Kl()])e. 
State position of available rock snpply, give probable cost of cement deliv- 
ered on the ground, and available timber for inner face and cost thereof. 
Concrete dam. State the proximity and relative elevation of quarries, and 
the cost per barrel of cement delivered on the ground. 
(U) Report on probable foundations for dam. 

(15) Estimate on the cost of dam. 

(16) State cost per acre-foot of water stored.* 

The requisites of a reservoir site are uumerous and exactinji:, as fol- 
lows: 

(1) There most be an available wat^jr supply sufficient to fill the 
basin. 

(2) There must be a basin to hold this supply. 

(3) There must be a good dam sit<^. 

(4) There must be good materials of which to make a dam. 

(5) The foundations must be able to sustain the dam. 

(6) There must be available lands upon which to put the water. 

(7) The entire project must be on a commercial basis. 

There are a large number of sites on the river which were jwpu- 
larly supposed to be good but which proved to be objectionable, owing 
to the lack of some one of the foregoing vital requisites. 

The field party, which consisted of a topographer, a I'odman, and a 
cook, left Sanger, in Fresno County, a station on the Southern Pacific 
Raihoad at an elevation of 370 feet, on May 22, 10(K). The nniU^ of 
travel is shown on the map, PI. I, which wjis furnished by Mr. J. N. 
Le Conte for use in connection with this report. 

The first site investigated was the upper Clarks Valley, 16 miles 
east of Sanger, 10 miles north of Reedley, and 1 mile north of wliere 
the stage road from Sanger to Millwood crosses Wahtoke Creek; <^1(?- 
vation, 500 feet. This site is at the upper end of the main Clarks 
Valley reservoir site, and is included by it. It is shown on the map of 
the Clarks Valley site (PI. XIII), and is not estimated upon separately. 

From Clarks Valley the party went back to Kings River, and fol- 
lowing along its east bank to the mouth of Mill Creek ascended that 
creek 4 miles, to McHaley's ranch, at an elevation of 650 feet. A half 
mile above McHaley's ranch a reservoir site was surveyed, and it was 
fonnd that a concrete dam 195 feet in lieight would store 3,500 acre- 
feet of water at a cost of $130 per acre-foot, which of course is 
prohibitive. 

After spending two days in the hills between Mill Creek and Kings 
River the party went by trail f loin McHaley's ranch to Squaw Valley, 
then along the Millwood stage road to Dunlap. At Dunlap a stay of 

' Aq acre-foot of water is an amount sufficient to cover 1 acre to a doptb of i fotit. 
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tlinto (lays wtLs iiumIo to pc'rinit an investigation of the drainage of 
IVIill C'rc'ck. Aftor leaving Dunlap the party followed the stage road to 
Millw«M)<l, thru t(M>k tho t mil thnnijrh the General Grant National Park 
U) lIucklolxMTV McNulow, a .small meadow H miles northeast of Millwood 
and at an i'lovation of 0,(nm.) feet. With Hufkleberry Meadow as » 
haso of supplies, trips wore mado to the meadows and basins within a 
ra<lius of 20 milos. Tho larjjost of those meadows are Converse Basin, 
10 miles northwesterly fnmi llnekleberry Meadow; l^arskin Meadow, 
<) nulos to tho <»ast ; Hiirton Meadow, 10 miles to the east; Sqaawskin 
M<»a<low, 14 mill's to the east ; and Big Meadows, 16 miles to the sonth. 
I>i;r M<»jm1ows is th<» only one of these reservoir sites that has a good 
<lam sit4>, hut. as it is on the divide l)etween Kings and Kaweah 
riv<»rs and has only >^ square miles of watershed it was not mapped. 
T\\o Ijtm^]^ M(»a<low resi^rvoir site, which is in this locality, was su^ 
v(»y(Ml by Mr. Given, and tlio results of the survey are given on pages 
•It to U\. 

SOUTH PORK. 

TIhmm' an» t wo t rails leading from Hueklelwrry Meadow to the grand 
eanyon of Kin;;s River. The upi)er trail is the shorter and better, 
hut then' is no bridge aemss I Moulder Creek and it is dangerous to 
atttMiipt to ford it during high water. On the lower t^rail, however, 
tlH»n» is a ]»ri«ige, whieh nuule it i>ossible to move the camp from 
llui'klobcrry Moadow to tlu* grand eanyon of the Kings, where two 
sit«'s wore survevtHl, one with the dam site a half mile below the 
junction of C-opprr C -nn^k and the South Fork of Kings River, in sec. 
14, T. !.'{ S., U. IM K., Mount Diablo base and meridian, at an eleva- 
tion of r»,(M)o foot; the other, /> miles farther down the South Fork of 
Kind's Kiv(M', with the dam site a half mile lielow the mouth of Lewis 
('rook, in soo. lo, T. i:5 S., R. .JO E., at an elevatum of 4,300 feet 

At «'ithor of thoso sites it would Ik» n^H'essarj'' to construct an over- 
flow dam on tho Soutli Fork. A :3 10- foot dam at the site below the 
inoutli of Co])p<M' ('n'<»k would store appn)ximately 29,378 acre-feet 
of wator. Tho ostimat(»<l cost, of storage is alwut J67 per acre-foot for 
a rubbh' niascuiry dam. A :?00-f(K>t dam at the lower site would store 
14,100 aoro- foot, and tho (estimated eost of storage is $178 per acre- 
foot. Thes(» dams would have U^ \ye nuide of hydraulic-cement 
masonry. In both of th(»so eases the excessive cost per acre-foot 
storod roinlors tho const i'ueti<m of tho dams impracticable. 

A view in tho (*aiiyon of tho South Fork near the mouth of Copper 
CnK^k is shown in PI. IX. 

From tho site at the mouth of Lewis Creek the bed of the South 
Fork down to its junction with the Middle Fork is narrow and has a 
lioavy grade. 



M 
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UBBS CREEK AND HEADWATERS OP SOUTH PORK. 

lannels of both of these streams tire narrow, averaging from 
000 feet in vridth, with high granite walls on either side, and 
%\\ of from 50 to 200 feet to the mile. Near their he}idwaters 
erous small lakes, one of which, Lake Charlotte, was mapped. 
1.) This lake is on the headwaters of Bubbs Creek, near the 
etween that stream and the South Fork of Kings River, at an 
a of 10,5(X) feet, and has a drainage area of about 8 square 
The surface area of the lake is 24 acres and the depth of the 
30ut 30 feet. Owing to its inaccessibility and to the lack of a 
m site it was not considered as a possible storage basin. 
[, £, is a view of the falls in a creek above East Lake in the 
ork drainage. 




Ftg. 1.— Lake Charlotte reservoir site. 
PARADISE VALLEY. 

ise Valley, on the South Fork of Kings River, 5 miles above 
ith of Bubbs Creek and at an elevation of 6,500 feet, was 
I, but its floor, although in places 2,000 feet wide, has a fall 
)t in 1,000 feet, and it therefore is not a good reservoir site. 
) inaccessible. 

ROARING RIVER AND SUGARLOAF CREEK. 

he headwaters of these streams are numerous small meadows, 
one that was visited has a good dam site. The channels of 
I streams are narrow gorges with falls or slopes varying from 
y 500 feet to the mile. Leaving the South Fork of Kings River 
i week in July, the part}' started for Simpson Meadows, on 
lie Fork, spending sin eral days in reconnaissance en route, 
one exception ((xranite Basin) no reservoir sites of any value 
nd. The Granite Basin site was examined by Mr. Gtreen, the 
f the examination l)ei ng given on page 48. 
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SIMPSON MEADOWS. 

Tho Simpson Moaduws, on the Mi<Ml<' F'ork of Kinpii River at ^ 
olovafion of r,,0<H) ft^^, hav«* an avora;r<* width of 3,000 feet. Th 
larg«»r pail. of the meadows is on tli<* «^ast side of the river, hw 
extends a mile al)ove the moiitli of (T^Hldaiil Creek and 3 miles belov 
it. A dam 2<h) f»M»t in hoi^hi \voul<l 1m> rcMiuire<l to lI(K)d the meadows. 
Its top l<*njj:lh would l»e 3,umi f<M*t, and the cost would be so great a.*' 
to make it prohihitivr. Whih' camped in Simpson Mejwlows the imrtv 
H\}Oui several days in cxplorinj^ Cartridge, Palisade, Goddard, ami 
Disappearing: ere<*ks and th(» headwat-ers of the Middle Fork, but 
found nu storage Imsins of value. 

Leaving Simpson Meadows the second week in August the party 
followed the 'run«Mna and Collins trail t^) Cliff Camp, on the North 
Fork of the river. (Sec PI. X.) IJetween tlie Middle and Northforks 
are numei*ous small meadows, most of them near the summitB of the 
ridges, with from 3 to .*» s<iuare miles of watershed, but not one of 
them hax a goiKl (him site or an extensive drainage basin. 

DUSY MEADOWS. 

On tlie North Fork two reservoir site's were mapped — ^t-he Dusy 
Meadows site and one thnM'- fourths of a mile farther upstream. At 
tlui latti»r site, which is the sinalhM* of the two, a concrete overflow 
dam ir>0 feet high wouhl stoit* /i,-U() aerf»-feet of water, bnt at a pro- 
hibitive cost — about *27t) per aiMv-foot stored. 

The Dusy Meadows iieservoir sit.(» is in Fresno County, on the North 
Fork of Kings River, in sec. :jr,, T. 10 S., R. 27 E., and sec. 31, T. 10 
S., R. 2?> E., Mmint> Diablo base and meridian. The drainage area 
of the basin of the Nt»rth Fork above the resei-voir site is 144 square 
miles, at an average elevation of 0,(W) feet alM)ve sea level. Assum- 
ing the average annual rainfall to be 31) inehes and 020 acre-feet the 
annual run-off [»er s<[uare mile, we have 88,280 aere-feet as the 
amount of water available for storage purposes from the drainage 
biisin. The eU^vation of the dam site, as detei-mined from aneroid 
measummenls, is (>,3(M) feet above the sea, and the eax>a<sity of the 
reservoir at dilferent heights of the wat<»r would be as follows: 

Aci^feet* 

Between 20- and 40-foot levels 180 

Between 10- and (50- foot levels 860 

Between CO- and 80-foot levels 2,980 

Between 8<)- and 100-font levels 5,460 

Between MX)- and 12i)-foot levels 7,420 

Totil 16,850 

The reservoir sit (» is mapp<Ml in PI. XI, A, and the dam site in P' 
J^I, /j, A looso rock dam 1-J5 feet \u Ave\v;\\\, Uvvv^(V >n\U\ timber, i 






A. CONTOUR MAP or Dusy meadows reservoir site. 
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imated upon for this site. Tliere is plenty of granit<3 rock on both 
les of the daui site which could readily l>e transported liy cable or 
ler mechanical devices, and there are at hand large quantities of 
inding timber, both yellow pine and fir. 

fn the following estiinat-e of cost the quantities given are for a dam 
th slopes of i to 1 and 1 to 1, with a width of 20 feet on top, a 
ink face 6 inches thick, and sills 12 inches by 12 inches, with 12 
(t between centei*8. . • 

Estimate of cost of Dwsy Meadows dam, 

3k, 378,000 cubic yards at $0.7r, $283,500 ^ 

nking for face, 656,000 feet, B.M., at $40 -... 26,240 v 

8, 111,000 feet, B.M., at $40 4,440 ^ 

3or in laymg 767,000 feet, B. M. , at $6 . . , 4, 600 

$818,780 . 
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spillways, one on each side of the dam, each having a capacity of 

,300 second-feet, 45,000 cubic yards of rock at $1 45,000 '^ 

shed outlet tunnel 4 feet by 6 feet by 400 feet long, cement .\ 

ined, at $10 per lineal foot $4,000 

wer and gates . 8, 000 . 

chinery, cables, etc 25, 000 } 

87, 000 * 

ilding road from the end of the present road at Russel's camp o the 

^site (20 miles; and about the works (2 miles), 22 milns at $8,000. 66,000 

gineering expenses and contingencies 72, 080 '>i 

Total cost of dam - 538,860 . 

The total capacity of the reservoir l)eing 10,850 acre-feet and the 
al cost of the dam $538,800, the cost per acre-foot stored would V^ 
$32. 

DINKEY CREEK. i^^. 

ifter leaving the North Fork the trail runs almost due west for 15 ^^* 
les, to Russel's camp, on Dinkey Creek, through a flat, open coun- 

heavily timbered, mostly with fir, until within 3 miles of the 
ek, when the trail begins to descend from the 7,000-foot level to 

6,000-foot level, the sugarpine trees become more plentiful, and 
asionally, in the beds of the streams, a few sequoias are seen, 
ikey Creek does not flow through any large basins or meadows. 
B average fall of the creek is from 25 to 75 feet in 1,000, except 
irthe headwaters, where the bed is in solid, glaciated granite chan- 
8, with a fall of from 10 to 25 feet in 1,000. 
'"rem Russel's camp west to Ockeuden, a distance of 15 miles, there 

1 road built to enable the lumbermen to haul sugarpine shingles to 
larket at Fresno. There is probably no place in California where 
)re is more reckless destruction of timber than along this road, 
leitherside of it hundreds of fine sugarpines have been cut. Trees 
o5 feet in diameter, with the lowest limbs 00 and 70 feet from the 
ound, have been felled to use perhaps from to feet of the base 
shingles, leaving the rest of the timber to rot. 



.,u HTOKAUK OF WATKR ON KINUS RIVER, Ci 

PINE PLAT. 

Aftor nxploring tli<< <1raiiiup> iMuiiis of Bi^; ami Syca 
Ihc |»irty iiiwlo a d(rt«ile<l survey of the Pine Fl«t re«r 
PI. XII), on the maiD Kings River, R mile8 l>elow TrimoMa 
19, 24, 25. 2tl, 35, unci .'J6, T. 13 S., R. 34 E., Mount Diabl 
meridian. The <laiii sito is in section 35. Tin- i-Ievatiw i 
of the proiKised dam is (MK) feet. The bed nH-k is a blm i 
ami Itare in the nreek bed but seamy on the eivst siiif. 

The following estimates of the ca[>acity an<l i-ostof iheM 
only preliniinary Hnd appruximate. Careful examinaUOM 
uiiule iK'fore construction i.s liegun. .V section of the p»| 
it) shown in fig. 3. 

'\tliacity of Pine Fktt rearmiir. 
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FMinuilctl cost of dam SOO ffft in heitjM. 

48.'>.000 cubic yards of rubble mason ry at $T f^ 

Concrete apron at loner toe of dam. 1,4IW feet long. 00 feet wide, and 8 

feet thick, 0.a:K) cubic yards at 3n - 

Gates, outlet iiipes, etc. __ 

Bight of way _ 

Engineering' iJ i>er tent _ 

Contingeiiciea, t\ iier cent 



Kstinuili'il riml of ilam 140 feet in lieight. 

SU.OIK) cubic yards of rabble masonry at $T S 

Concrete apron at lower too of dam. 1,100 feet Ioi)g,.'i0 feet wiile, and 

Htoet thick, il.UI cubic yards at $i) _ 

Gates, outlet I'ipes.etc 

Right of way _ _ 

Engineering 

Continifoncic,-. _ 



Toliil 



T\u- 



.-f.H.t 



(Ijinijin.i i.-2i.:is foribc lUi-foi 
if thi' inliTi'st III! till- cost, o 
taxi's at I'i-rlil-l.t'nths of 1 per 



I 

rtil is *-21.1S for the : 
II tlKMiiseiif the 14i)-fo. 
ks be taken at >i per ei 

I niainusiianct' at $10, ( 



, tin 



iiuiil clijii^^e for operation will be *12!),()(K), or tl 
foot stored ill tlic i-esi'rvi>i r. If -0 jht i-wut of th' 
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<i is lost by seopaji^o and evaporation liefore rea<;hing the lands to 
filiated, the annual charge per acre-foot delivered will be *2.06. 
le estimates are for a dam made of large blocks of granite bedded 
hydraulic-cement mortar. It would be 16 feet wide on top, and 
such side slopes that the resultant of all pressures would fall well 
in the central thinl with 10 feet of water passing over the crest. 
1 the 200-foot dam, the length of which is 1,400 feet, the max- 
a observed flood, 40,000 second-feet, would have had a depth on 
•est of 4.2 feet; and with the 140- foot dam, which is 1,100 feet 




Fia. 2.— Section of pro^Kwed Pine Flat weir. 

this depth would have l>een 4.8 feet, assuming that all water 
jd over the crest. Hed rock is at the surface on the sides and 
>m of the canyon at the dam site. It is a firm blue slate. The 
late is for the entire structure l)edded 10 feet deep in the rock, 
mch of greater <lepth would have to be sunk and filled with con- 

at the upper toe. The lR»d rock should l)e given most careful 
Y before construction is l)egun. The estimate includes an apron 
mcrete extending from 50 to CO feet below the lower toe of the 

across its entire widtli, for the proteci\oA\ o^ \>W \\y«<K^ V:^. 
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While eHtimateH are given for l>oth a 140- foot and a 200-foot dam, 
the 140-f(H)t is eonHidered the better for the location. 

This reservoir site, although costing nearly double that of Clarb 
Valley per acre-foot of storage capacity, is of importance in the ulti 
mate development of the lands under Kings River. Being on the mail 
stream it would catch the flood discharge up to its full capacity. I 
is just above the diversions of all irrigation canals and above th< 
proposed diversion canal line to the Clarks Valley reservoir site 
which is not on the river. (See map of drainage basin, PI. I.) Thu 
it could l>e used as a regulator or governor to the river for the cod 
veyance of water to the Clarks Valley reservoir, and, after that Ium 
been fille<l, for the holding of the surplus water. For example, it i 
obvious that so great a volume as passed in January, 1896 (see dif 
charge diagram, PI. VII), when on the 18th the discharge increas© 
to 8,500 sec»ond-feet and on the 11th to 11,020 second-feet, must be ii 
large part lost in x)assing the hoadworksof the diversion canal (capac 
ity 1,250 second-feet) to the Clarks Valley site and the irrigation canal 
(combineil capacity of 4,000 second-feet) ; but with this large regulato 
on the main stream all of the water would be saved and gradually di« 
charged into the Clarks Valley canal, leaving the Pine Flat reservoi 
empty and in readiness for the next flood. The indirect benefit of th 
Pine Flat reservoir as a governor would be as great as its direct utilit 
as a storage reservoir, and the site should be controlled by the irrigs 
tion interests of Kings River. 

Discharge of Kings River, Hlioxpiiig amount h of water available for storage,* 



Seasonal year, November to 
October, inclusive. 



Total sea- 
sonal dis- 
charge 
Nov. 1 to 

Oct. 81. 



1H05-96 
1896-97 
1897-96 



Acre^/eet. 

1,858,425 

2, (188, ASM 

87«,079 

1.227,217 



189»-^1900* ; 1.281,(151 



Mean 1,466.1^9 



Total sea- 




sonal di- 


Diversion 


version 


Nov. 1 to 


Nov. 1 to 


Peb.28.e 


Oct. 31. b 




Acre-feet. 
1.070,900 


Acre-feel. 
134,152 


1.198,091 


168,846 


820.522 


164,220 


996.307 


102,348 


1,082.168 


214.527 


1,023,710 


156. 819 



Sum- 
mer. 



Irrigation 

diversion 

Mar. 1 to 

Oct.3l.d 



1896 
1897 
1898 
1899 
1900 



Acre-feet, 
986,748 
1.029,845 
656.302 
893.959 
817.631 



886,807 



Sarpla 
after SOI 
mer div* 
sionMa] 
toOct.2 

Aere-fe* 
9fS.* 
1,05«, 
219, 
833. 
468. 



U0O.I 



■ From gagings of the United States Geological Survey at Red Mountain station. 

** This assumes a diversion from the river oi 4,000 necond-feet ( the full capacity of the irrigati 
cAnals) between March 1 and October 31 and 2,000 second -feet between November 1 and Pebi 
ary 38, when the water in the river is available. 

•'Total flow of river up to 2,000 second -feet. 

•* Total flow of river up to 4,000 second-feet. 

• The season of 190(V-(H was one of abundant supply. 

It is believed that if an ample summer supi)ly is assured mid^n^t< 
irrigation will be largely if not ontii*ely discontinued. 

Uy reforeii(*e to the table on pag(» 21, giving a summary of the streai 
-measurements by the California State engineering department and t 
the United States Geological Survi^y, it will be seen that during 
period of observation of ten years the season of 1897-98 (summer 
1808) had the lowest flow, the season of 1878-79 being next, witb 
discharge of 397,880 acre-fet»t moiv than in the former season. 
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twenty-three year rainfall record at Fresno (see table on page 10) 
shows the year of lowest precipitation to have been 1878-79, when 4.87 
inches fell, the next lowest being the season of 1897-98, when 4.05 
inches were observed. The oflBcial rainfall record at Sacramento (see 
I table on page 16) shows the lowest precipitation during the period 
over which the record extends (1877-1900) to have been in the season 
of 1897-98, the amount being 10.50 inches. It will be noted that 
stream measurements have been made during the years of lowest 
observed rainfall at Fresno, and that both five-year periods (page 21) 
were during cycles of low rainfall. In fact not one of these years 
was a wet year. An old rainfall record kept at Sacramento by Dr. 
[ Thomas Logan since 1849 shows dry-year records as follows: 1850-51, 
' 4.71 inches; 1863-64, 7.87 inches; 1870-71, 8.47 inches. The Central 
! Pacific Railway shows a record of 8.95 inches in 1876-77. All of these 
are below the observed rainfall of 10.50 inches at Sacramento in 
1897-98. It is not believed that a standard rain gage was available at 
Sacramento in the winter of 1850, and the record of 4.71 inches is 
so much below any other record during the fifty-one years of observa- 
tion that it may be seriously questioned. 
In view of all the facts, the following conclusions seem justifiable: 

(1) The observed flow of Kings River for the season of 1897-98 may 
be assumed to be a very low discharge but not an absolute minimum. 
For the purpose of this report it may, however, betaken as a minimum. 

(2) These minimum years probably will occur about once in ten 
ye«rs. 

(3) There will be enough water during November to February, 
inclusive, in excess of the 4,000 second-feet summer diversions (March 
to October), to fill the Pine Flat reservoir every year if the dam is 
bnilt to a height of 140 feet, capacity 78,197 acre-feet. 

(4) In nine out of ten years there will be enough water to supply 
all winter and summer irrigation on the present basis and leavo the 
ftne Flat reservoir full foruse after July 1. 

(5) The water that would be stored in the Pine Flat reservoir is 
"Water that otherwise would be lost. 

(6) The Pine Flat reservoir would irrigate the most valuable lands in 
Fresno and Tulare counties, now dry and unproductive. 

(7) The cost of reservoir would be $22.38 per acre-foot stored, and the 
earning powers of the reservoir many times that amount. 

The available water supply is discussed further in conne(»tion with 
t»he Clarks Valley reservoir site (pa^es 311 U) 42). 

CLARKS VALLEY. 

After completing the work in the drainage basin of Kings River a 
^"cconnaissance of the foothills was made, extending as far as the 
^iionth of San Joaquin River on the northwest and on the southeast to 
^5 miles from the mouth of Kings River, with a view to finding, if 
possible, a storage basin to whicli the flood waters i>^ \\\^ \v\^\ v>^\\\.^ 
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be diverted. The only basiu found was Clarks Valle}'. This resi 
voir 8it«e in in Frenno County, 16 miles east of Sanger. Tlie stage ro 
from Sanger to Millwood runs from west to east through the center 
the site. In elevation it commands all of the canals diverting wal 
from Kings River except the Gould canal, and is within 2 or 3 mi 
of the intake of most of those systems. It is about 1^ miles dist£ 
from the main drainage line on Kings River opposite the reserv 
and approximately 100 feet higher. It is proposed to fill this res 
voir, by means of a diversion canal, with the flood and excess watK 
of Kings River. The diversion canal would be 53,600 feet in leng" 
The headworks would be above the mouth of Mill Creek and at t 
Pine Flat dam site. 

One rather peculiar feature of Clarks Valley is that three isolat 
buttes partially inclose a i)ortion of San Joaquin Valley betwe 
themselves and the foothills of the main range. To make the re» 
voir complete the openings lR»tw^een these hills will have to be cloe 
by three separate dams. The arroyo of Wahtoke Creek, which paa 
through the center of the reservoir site, is about 75 feet wide and 
feet deep. The maximum height of dam is considered from the b 
tom of this arroj'o, which gives a somewhat exaggerated idea of 
(See PI. XIII.) The location will permit the construction of a dj 
105 feet maximum height, which will impound wat«r to a maxima 
depth of 100 feet. For the purpose of this report it was decided 
give estimates on the cost of building a dam of 105 feet maxim 
height and also one of 85 feet maximum height, to impound watei 
maximum depths of 100 feet and 80 feet, respectively. ITie heig 
of the two smaller dams will dei)end upon the height of the largei 
central dam, as shown in the tables on pages 35 and 37. 

The drainage area of the basin of AVahtoke Creek, in which 
Clarks Y^l^^^y ^^^ ^^ located, is 33 square miles. The average ele 
tion of the drainage basin is 1,CK)0 feet. Assuming the average ann 
rainfall to be 20 inches and the run-off 12 per cent, we have 4, 
acre-feet as the amount of wat<M- available for storage from the Ic 
drainage basin. The assumed elevation at the l)ase of the dan 
400 feet, which is the elevation used for maps and calculations, 
sea level 29 feet should be added. The capacity' of the reservoii 
different heights of the water is given in the following table, 'j 
elevation of the outlet is 420 feet. 

Capacity of Clarks Valley resetn'>oir site. 



Maxi- 
mum 
depth of 
wat«?r. 



hWt. \ 

"i 

lou 



Area. 



Capacity 

of He»'- 

tion 



ToUil 
cajiarity. 



I 

ACIWH. I 

0.0 

r»,:w4.r. 



Acff-fei-t. I Acre-fei't. 

}■ 



Below 

outlet. 

V.i, »4iJ 

«M74 



\ 



5l.;j2r. 

1:30.499 
217. 19ii 



I 



WCOTT.l 
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The dams would be of earth, the material in each case l^eing near 
wigh to the dam site to readily be transported by cables or otlier 
shanical devices. A reddish clay containing? about 10 per cent 
eoarse gravel and some sand can be used. 

105-FOOT DAM. 

The following quantities are for a large dam 105 feet high, 20 feet 
le on top, with a slope of 2^ to 1 on the upstream side and 1 J to 1 
the lower side.* The maximum depth of water will be 100 feet 

id the storage capacity 217,196 acre-feet. 

Quantities of material for lOS-foot dam and the two side structures. 



Dam. 



Length 
on crest. 



1 

2. 
3 



Tcytal. 



Feet. 
8.370 
8,866 
2.880 



Oreatest 
depth. 

Feel. 
83 
106 
86 



Earth. 



Ch. yds. 

885,080 

r).27!J,990 

568.460 



tt,n4,470 



At 20 cents per cubic yard the cost of the dams would l)e $1,342,895. 

To fill the reservoir to the 100-foot level (217,1!H) acix^-feet) a con- 
Muit with a capacity of 1,250 cubic feet per second would Im? required. 
iThe total length of this conduit, from the headworks on Kings River to 
the reservoir, would be 53,600 lineal feet, as follows: 7,000 feet of 
tunnel into reservoir, 3,600 feet of cutting at entrance and disoliarge 
of tunnel, and 43,000 feet of canal partly in rock. 

Intake tunnel, — The elevation of the Iwttom of the inlet tunnel at 
its reservoir end is fixed at 20 feet above the maximum flow lino for 
(he larger (105-foot) dam, so as to permit raising the dam in the 
future. The elevation of the intake at Kings River is estimatcHJ at 
658. 5 feet. The elevation of the Pine Flat dam site is approximately OCX) 
feet. The cross section of the inlet tuunel will be 10.V feet by 12 feet, 
and the velocity of the water will be 10 fe(»t per second. The tunnel 
will be in granite. The estimated cost, unlined, is $12 per running 
foot, or a total of $84,000, exclusive of the tunnel approaches, the cost 
of which will be as follows: 

Cotting at entrance to tunnel: 

13,700 cubic yards of rock at |1 $13,7(K) 

27,410 cubic yards of earth at $0.20 r),4.S2 

Cutting at discharge end of tunnel: 

10,072 cubic yards of Pock at $1 10,072 

r>, 1)36 cubic yards of earth at $0. 20 1,0(>7 

Total.- :}0,201 



■ ThiM section 18 awamed for the par]>08eof this estimato aud is uot nooessarily final. This 
Unportaat matter should be meet carefully considered before construction is licfjiruu and 
detennined only after detafled examination of the material available and of the fot 
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Dwersion canal. — The canal will have a capacity of 1,250 caUj 

feet per second and a grade of 1.056 feet to the mile in earth 
loose rock and 3.168 feet to the mile in solid rock section. The 

torn width will be 17 feet and the cost as follows: 

Earth ,362,000 cubic yards at |0. 20 9^\ 

Lfoose rock, 401,505 cabiC yards at $0.50 300,1 

Solid rock, 78.600 cubic yards at $1 . 78,1 



Total 351.1 

Sections of the canal in earth and loose rock and in solid rock id 
shown in PI. XIV. 

Spillivay at dam No, 2. — This spillway will be 100 feet wide, with! 
capacity of 1,698 cubic feet per second and a depth of wat^r of 3 feet 
The cost will be as follows: 

25,886 cubic yards of rock at $1 $25,88 

16,650 cubic yards of earth at $0.25 4,11 

CJoncrete walls and foundations in earth 24, M 

Water cushion at foot of spillway 3,0$ 

Total 57,7S 

The spillway will have to provide for floods in the local drainaff 
basin (83 square miles) of Wahtoke Creek only. The area of tfci 
reservoir at the 100-foot level is 5,344 acres, and if there were nospifi 
way it would require a flood of 2,672 second-feet for one da}" to raiai 
the water level 1 foot. The top of the dam will be 5 feet above the spitt 
way. The west end of dam No. 2 is shown in plan and section iB 
PI. XV, .4, and a longitudinal section of the spillway in PI. XIV, fl 

Ouflef funnel, hirer, gates, etc. — PI. XV, B^ shows a cross section 
and a longitudinal section of the outlet channel, and PI. XIV, C 
combined sections with tower. The cost of the outlet tunnel, tower 
gates, etc., is as follows: 

Outlet tunnel, 1,100 lineal feet, 10 feet by 12 feet clear section, cement 
lined, at $12 .- $l3,a( 

Cutting approach to tower: 

1,381 cubic yards of rock at. $1 $1,381 

2.762 cubic yards of ear that so. 25 690 

Cutting at discharge end of tunnel : 

741 cubic yards of rock at §1 741 

1,4S1 cubic yards of earth at $0.25 870 



3,1 



Concrete valve tower, 12 feet inside diameter and 85 feet hicfh 8. 852 

Concrete dam. 100 feet long, connecting tower with tunnel 2, 782 

Four pipes through concrete dam, rach 4s inches in diameter by 

100 feet long, with gates attached, at $1 ,500 . . 0, 000 

Towner valves and appliances, seven at $5(K) . . . 8. 5(K) 

House on toj) of tower . , 500 

Concrc^te and iron footbridge to tower, two si)ans of 125 feet each 5. 000 

Concrete and iron footbridge over spillwav. 100 feet . . . . 2,000 

28.1 

Total . - --- . 89,0 
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I: Headtiforks on Kings River. — The estimated cost of diverting dam, 

box, gates, etc., is |25,()00. 
■', Summary of cost — Summarizing, the cost of the works with large 
105 feet high, storing 217,196 acre-feet, is as follows: 

Nob. 1,2, and 3 $1,342,895 

tunnel, or feed oondnit 84, 000 

at each end of inlet tunnel 30, 261 

between intake and tnnnel approach 351,750 

yatdamNo.2 57,780 

tannel 13,200 

at each end of outlet tunnel - 3,182 

Uv9 tower, gates, etc 23,134 

btatoworkBon Kings River 25,000 

1^^ of way 75,000 

t 2, 006, 202 

iring and contingencies, 10 per cent 200,620 

Total 2,206,822 

The cost per acre-foot of water stored is $10.15. 

Annual costjyer acre-foot of water delivered, — Figuring tlie interest 

6 per cent of the cost of the works (12,206,822), the taxes at eight- 

iths of 1 per cent of the cost, and maintenance for the reservoir 

diversion canal at $10,000 x)er annum, we have an annual charge 

;t the plant of $160,064. We have found that the evapora- 

m would amount to 3^ per cent of the entire storage capacity of 

larger reservoir; but if we take the evaporation at 5 per cent 

the seepage in the canal at 15 per cent we have 173,757 acre-feet 

ble for delivery. This divided into the annual charge of 

60,064 gives an annual cost i)er acre-foot of water delivered from 

reservoir to the lands of $0.92. 



85-FOOT DAM. 

The following quantities are for a large dam 85 feet high, 20 feet 
wide on top, with a slope of 2^ to 1 on the upstream side and a slope 
of 1| to 1 on the downstream side. The maximum depth of water will 
be 80 feet and the storage capacity 120,499 acre-feet. 



Quantities of material for SS-foot dam and the tivo side atructures, 

Qreatost 



Dam. 



fa] 
raS 
ra3. 



Len^rth on 
crest. 



Feet. 
3.100 
8.640 
2,585 



depth. 



Earth. 



Feet. 



Total 



6:} 

H5 
43 



Cu. yds. 

m, IKft 
3.(W>,171 

348,468 

3,837,828 
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At 20 cents per cubic yard the cost of the dams would be |767,$6S. 

To fill the reservoir to the 80-foot level (120,499 acre-feet) a condui'i 
with a capacity of at least 525 cubic feet per second would be required- 
The total len^fth of the conduit from the headworkson Kings River tc 
the reservoir would be 53,600 feet, divided the same as for the 105-footf 
dam, i. e., 7,000 feet of tunnel, 3,600 feet of cutting at entrance and 
exit of tunnel, and 43,000 feet of diversion canal. 

Intake tunnel. — The feed tunnel will be of the same dimensions anJ 
grade and in the same location as for the 105-foot dam — 7,000 lineal 
feet in solid rock, unlined, at $12 per lineal foot, 184,000, plus the cost 
of cutting at the entrances, $24,790. The elevation of the lower end 
of the inlet tunnel is fixed at 520 feet, the same as for the larger res- 
ervoir, so as to permit increasing the height of the dam in the futnre, 
if desired. The elevation of the intake is taken at 558.5 feet. 

Diversion canal. — The canal will have a capacity of 525 cubic feet 
per second and a grade of 1.584 feet to the mile in earth and loose 
rock and 4.224 feet to the mile in solid rock section. The bottom 
widtli will l)e 10 feet and the cost as follows: 



151,830 cubic yards of earth at $0.20 $30, 

30,840 cubic yards of rock at $1 80,84(1 

166,140 cubic yards of loose rock at $0.50 83,070 

Total 144,17« 

SpiUtvay at dam No. 2. — The spillway will be 100 feet wide, with a 
capacity of 940 cubic feet i)er second and a depth of water of 2 feet. 
The cost will be as follows: 

18,625 cubic yards of earth at $0.25 $8,406 

27,251 cubic yards of rock at $1 . . 27,251 

Foundation in earth, 3,000 cubic yards at $0.50 1,509 

Concrete in walls and bottom, 8,000 cubic yards at $6 18,00(1 

Total 50,157 

Outlet tunnel^ tmver,^ate.s, et^\ — The cost of the outlet tunnel and 
of cutting approach to tower and at discharge end of tunnel would be 
practically the same as for the 105-foot dam. The estimate of cost of 
tower, gates, etc., is as follows: 

Concrete valve tower, 12 feet inside diameter and 85 feet high $3, JJS 

Concrete dam 100 feet long, connecting tower with tunnel 2, 782 

Four pipes through concrete dam, each 48 inches diameter by 100 feet long, 

with gates attached, at $1,500 6,00C 

Tower valves and appliances, seven at $500 3,50^ 

House on top of tower 50C 

Concrete and iron footbridge to tower, two spans of 125 feet each 5, 0O< 

Concrete and iron footbridge over spillway, 100 feet 8, CO* 

Total 23, 15* 

Headworks on Kinr/s River. — The estimated cost of diverting dau^ 
8an(} box, gateb, etc., is tlie same as for the 105- foot dam, viz, $25,(X^ 
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Summary of cost. — Sammarizing, the cost of the works with large 

lam 85 feet high, storing 120,499 acre-feet, is as follows: 

I>amBNoB. 1, 2, and3 $767,566 

PWtxiimel 84,000 

Tattmg at each end of inlet tunnel 24, 790 

^irersion canal between intake and tunnel approach 144, 176 

^piaway at dam No. 2 50,157 

>ntlettunnel 18,200 

^tting approaches at each end of outlet tnnnel 8, 000 

7ilve tower, gates, etc 28, 134 

leadworks on Kings River ... 25, 000 

lightofway 75,000 

1,210,023 
Sngineering and continj^encies, 10 per cent 121, 002 

Total 1,831,025 

The cost per acre-foot of water stored is $11.05. 

Annual cost per ox^re-foot of water delivered, — Figuring the interest 
it 6 per cent of the cost of the works ($1,331,025), the taxes at eight- 
«nth8 of 1 per cent of the cost, and maintenance for the reservoir 
ud diversion canal at $10,000 per annnin, we have an annual charge 
igainst the plant of $100,510. We have found that the evaporation 
vonld amount to 4.7 per cent of the entire storage capacity of the 
■eservoir, but if we take the evaporation and seepage at 20 per cent, 
18 for the 105-foot dam, it would leave 96,399 aci^e- feet available for 
ielivery. This divided into the annual charge of $100,510 gives an 
Minual cost per acre-foot of water delivered from the reservoir of $1.04. 

WATER SUPPLY. 

Assuming the annual rainfall to be 2() inches over the 33 square 
niles of drainage area of Wahtoke Creek, and the run-off to be 12 per 
5ent, we have 4,224 acre- feet. The storf\ge capacity of the 105- foot 
lam is 217,196 acre-feet. This, less the 4,224 acre-feet from rainfall 
n the local drainage basin, gives 212,972 acre-feet of water to be 
►fought by diversion conduit from Kings River. In order to deter- 
mine whether a canal with a capacity of 1,250 second-feet would fill 
fie reservoir, the following assumptions have been made: 

(1) That all of the water in Kings River up to the capacity of the 
*nal (1,250 second- feet) can be diverted during the months of Novem- 
er, December, January, and Februar}-. 

(2) That the combined capacity of the canals diverting water from 
ie river during the remaining months is 4,000 second-feet, and the 
irplus above that amount is available, to 5,250 second-feet, for 
-orage. 

The following statement, based on the daily discharge of the river 
t the Red Mountain gaging station of tlic* United States Geological 
Purvey, which is practical h' at. tlu* proposed point of divei*sion, shows 
^« amounts of water which could have been d'vv^YlvivX v^VWi *a. ^-a.xsx \vs^ 
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feot hi);li and ft i-hjiaI nf 1,250 HecM>nd-feet capacity, ander tite fore- 

Av>iiMiletratermipply.i»<wre-/t'vl,ii/C'larlaVaUeyreivrvoirnt€mthl()5-fooHim 
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•Ttar •ownn of IMiMil wu one nt ■bandant snpplf . 

Tftkiug the (M'tuMtii <»f li-HHl HVHilable flow (1897-98) w« Imve 100,tK 
iwin«-fwt. If wo add lu this the aiiioiiiit of water available from tl 
local dnviiiago l«win (4,-'i'4 at-i-o-feet) w« have a total of 194,K02. Thi 
i«-J2,3<)4ai"ri»-feot, orOJ {lercoiit, le8s than the maximum capacity of tfa 
roson"oir for a year of cxtrciiu' <lrniight, wliieh is not likely to occur bi 
once ill ten years. For the waeon of ISOS-OO the amounts would t 
201 ,595 acre-foct. fn)m the river aud 4,224 acre-feet of rainfall stora 
}<;ivinK a total of 2(IA,Sl<.i acre-feet, or 11,377 acre-feet less thantli 
maximum HUtraire eaiiacity. That year also was one of drought. Fc 
trhe romainin^ three seasons of ohservation the flow is more thau stii 
licient. The rainfall ri*conls at Fresno indicate the last five years I 
havo been the driest olmerv^Hl since ltj77, and it is believed thattbe 
may bo accepted as a minimum. 

In connection with the fon'goiiig figures there is an important poii 
Ui \te consideied, viz: If the iH>ople who now are using the flow of th 
river in March aud OctolKT to flocxl their lands could l)e a.NSured of 
sufficient qiianlity of waU>r later in the season, part of the flow of tti 
river for those months could !«■ ilivcrU'd to the n^servoir, and tin 
the reservoir Ih' filled toit-s maximum caiowity ewhyear. The follm 
ing table shows the <|naiititics of water that could have l>een divert* 
fnim Kings River by a <>anal of maximum capacity of 525 second-fe 
aud an Hfl-foot dam, under conditions similar to those prevailing f 
the lOS-fiMit dam: 
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Using the season of minimum observed flow (1807-08) we Imvo 
i:iS,7/)7 Hcn^-feet available flow from the river, whieh with the 4,224 
aeit»-feet from the local basin gives a total of 142,1>81 ac^re-f<»et, or 
22,482 acre-feet more than the maximum storage capacity of the 
reservoir. 

If the Pine Flat and the Clarks Valley dams are both built the fol- 
lowing tables will show the available supply. These tablets (<h»t^»r- 
mined by pianimeter from the diagrams of stn»am flow) aiv bjised (1) 
upon a diversion by the irrigation canals of water to their full capacity, 
viz, 4,000 second-feet, from March 1 to October 31, and (2) upon the 
fact that with the regulating reservoir at Pine Flat the Clarks Vall(\v 
reservoir could have been completely filled, to either the l(K)-foot or 
the 8()-foot level, each year. 

The entire capacity of the Clarks Valley reservoir less the supply 
from the local drainage basin (4,224 acre-feet) is th<M'<*fore also 
deducted from the seasonal flow of the river each year. All of the 
water remaining in the river is considered available for storage at. 
Pine Flat. It is reasonably certain that both reservoirs would liav(^ 
been completely filled during the five-year period of observation by 
the State engineering department, i. e., 1878 to 1883. It must Ih» 
remembere<l that the ten years for which we have records wen» Ih»1ow 
the average in rainfall and run-off. The year 1807-OS may be taken 
as the minimum of a ten-year period of low rainfall. The season of 
11K)0-1901 is now (June 1, 1001) far enough advanced to show that the 
supply for this year would have been more than ample to fill both 
reservoirs. The table shows that with the larger dam at Clarks Val- 
ley (the 105-foot) there would have been one year out of th<» (deven 
that the Pine Flat reservoir could not hav(» been filled. 

Available water supply, in acre-feet, for 1 40- foot dam at IHne Flat resen^oir site 

with 105-foot dam at Clarks Valley reservoir site. 



Season Nov. 1 to Oct. .11. 



ToUl dis- 

eliarKe of 

river. 



2^W 1,852. 4:J5 

S!H7 , 2,IW8,J«4 

H5-88 1 87B.079 

5^» j 1,227.217 

'W»-190O ' 1,2HI.U51 

Wve-year mean I,4<i5, i:w 



Clarks 
Vallev di- 
version. 



212.972 
212. 972 
212. 972 
212. »72 
212.972 






Available 

Irrigation J!^^ !^°^ 
divSreion I ^"L^^f '^■ 
Mar. 1 to ' ^°iLi^- 

Oct. 31. >uf^^^}y' 

|4o,J9( acre- 

foL'H. 



906,749 
l,(J29.^'i 
m\, :«12 
89;}. 959 
817, <«1 



8*16.89: 



7(B.7(H 
H4«, 1(17 
«,80.'> 
120.286 
250.448 



;J85,470 



The foregoing table shows tho possibility of having used 70 pcM* 
^ntof the average fiow of Kings River during the last five years. 
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Available trater fnipply^ in acre-feet, for l^o-foot dam at Pine Flat remrwir it(e 

with S6'foot davx at Claries Valley reservoir site. 



iU^fvm N<»v. 1 to Oct. 31. 



Total dU- 

chargeof 

river. 



GUrks 

VaUev di- 

▼ernun. 



diyersloo 

Mar. 1 to 

Oct. 81. 



lim-m i.8tt.4» 

iHMMyr 2,088.984 

1897-98 878.079 

1898-91) 1,887,817 

1899-1900 l.SBl.OSl 

Five-year mean 1,466,139 



116,275 
116,275 
116.275 
116,275 
116,275 



996,749 
1.080,846 
666.308 
8»,9G9 
817.631 



ATaflabte 
for Pin 

Fiatnnr 
voir(fli' 

18,% ten> 

I feet). 

m.m 



116,275 I 866,897 



48!; ur 



The foregoing t^ible shows that l>oth reservoirs could have been 
filled every year <luriiig the period given. 

Normally the reservoir at Clarks Valley, as previously stated, would 
he full at the end of June and empty at the end of September. The 
perio<l during whi^jh evai)oration will have to be considered is the 
months of July, August, and September. The evaporation ob8e^ 
vations given herein show that the mean evaporation during those 
months is 1.89 feet each year. The total storage capacity of the res- 
ervoir at the ir)0-foot level is 21 7, 190 acre- feet; theareaatthe 100-foot 
level is 5,344 acres and at the 80-foot level 4,325 acres. For the pu^ 
pose of this estimate the average area for the larger reservoir exposed 
to evaporation may be considered as 4,000 acres, losing in depth 1.89 
feet each year, or 7,500 acre-feet, which is 3^ per cent of the total 
storage capacity of the reservoir. With the smaller dam the evapo- 
ration would amount to 4.7 per cent, or 5,(570 aci*e-feet. 



SPILLWAY. 

The Clarks Valley reservoir will be almost entirel}' free from 
attiicks of floods, as the local drainage basin contains only 33 squaW 
miles, and it« annual discharge will probabl}' be equal to a depth of 
about 1 foot in the reservoir at the 100-foot level. The diversion 
canal, having a capacity of 1,250 second-feet, or 2,500 acre-feet, p©^ 
day, would require two days' flow to raise the water in the reservoir 
1 foot in heiglit when it stands at the 100-foot level. The capacity© 
the outlet from the ivservoir will bo 1,280 cubic feet per secoD< 
(greater than that of the intake), with 10 feet head on the valves 
This will be in addition to the capacity of the spillway. 

The months during which the maximum amount of water is availa 
ble for storage* from Kings River are May and June. This is afte 
the expiration of the rainy season, and it will be the discharge of th 
diversion canal during these two months that will finally fill the res 
ervoir each year. Since 1S77 the greatest rainfall that has occurred 
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in May was 1.97 inches, iii 1900. On this basis tho water that fell 
in the local drainage basin of Wahtoke Creek would amount to :J,3S() 
acre-feet. The area of the reservoir at the 100- foot level is 5,. 544 
acres. 

Since 1877 there have been only three occasions when rain has fallen 
at Fresno during the month of June, the greatest precipitation for 
that month being 1.29 inches, in 1884. It is therefore reasonable to 
assume that during the time the reservoir is full the local drainage 
basin can never deliver a volume of water sufficient to raise the level 
of a full reservoir more than 1 foot, even if the discharge gate an<l 
the spillway are both closed. It is proposed to make the elevation of 
the spillway 7 feet below the top of the dam and to maintain the 
water in the reservoir at that height during the entire rainy season. 
After the expiration of the rainy season — say the first of June — it 
would be safe to place dashboards in the spillway, so as to store 2 feet 
more of wat«r. This would bring the water to the maximum depth 
of 100 feet, would a<ld al)out 10,000 acre-feet to the storage Ciipacity, 
and would still leave the top of the reservoir 5 feet above the 
level of the water. If it should be considered desirable to increase 
the interval between the water level and the top of the dam it could 
most economically be done by increasing the height of the dam 2 or 3 
feet on slopes of 1^ to 1 on each side. It will be remembered that 
Uiere probably would not be more than two weeks intervening l>etween 
the complete filling of the reservoir and the beginning of the discharge 
from it. 

A longitudinal section of the spillway proposed is shown in Fl. 

XIV, Z>. 

RESERVOIR 8U11VEY8. 

On June 19 the party reported at Sanger, Fresno County, on the 
Southern Pacific Railroad, where camp equipment was received. A 
pack train of 6 mules and 4 saddle horses was purchased in the neigh- 
borhood, at an average cost of $40 per animal. The party, which wjis 
in charge of Mr. H. E. Green, consisted of a topogi*apher, two rod men, 
a packer, and a cook. After July 12 one rodman was dispensed with, 
reducing the party to four. 

On June 22 the party left Sanger, at an elevation of 370 feet, and 
started for Millwood. Following the county road and crossing to the 
south of Kings River near Centerville, the foothills were reached 
about 16 miles from Sanger, the road traversing the lower Clarks Val- 
tey reservoir site. From Clarks Valley to Millwood the road ascends 
4,710 feet in a distance of 30 miles, the elevation of Millwood being 
5,210 feet, aneroid measurement. From Millwood the party went 
into camp at Long Meadow, where the first survey work was done on 
the Long Meadow reservoir site. 
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LONG MEADOW. 

Ix)iig Meadow can \ie reached in 11 miles from Millwood bytakinf 
the Sanger LumUr Company'8 wagon road to their sawmill, adistanoe 
of f) miles, and th(jn following the trail for 5 miles, crossing the divide 
at an elevation < f 0,770 feet; or it can be reached without surmountr 
ing such an elevation b}' keeping the wagon roa<l via the sawmill to 
C-onversi^ Meadow, 12 miles distant and at an elevation of 5,1WK) feet, 
and following tlie trail for 2 miles across the low divide separating 
Converse Meadow f n)m Ix)ng Meadow. 

Long Meadow, which is at an elevation of 5,200 feet, is on Tenmile 
(/reek, about 4 miles al)ove its junction with Kings River, which junc- 
tion is less than a (luarter of a mile west of the junction of the Middle 
and South forks of the river. The reservoir and dam sites are in sees. 
14, 15, 22, and 23, T. 13 S., U. 28 E., Mount Diablo base and meridian. 
The land is owned by the Sanger Lumber Company and is well tim- 
bi^nnl with pine. Tli<» dam site is in the northeast quarter of sec. 14, 
T. 13 S., R. 2H E. The average elevation of the watershed of the 
meadow or valley is 7,000 feet above sea level, and the supply of 
water will Iw largely from melting snow in the spring. Contour maps 
of the reservoir and dam sites are shown in PI. XVI. 

The drainage area tributary to I^ng Meadow is estimated at 25 
square miles. The estimated mean rainfall is 45.3 inches, making the 
run-off per squan* mile HOO acre-feet, or 900x25=22,500 acre-feet per 
y(?ar. If we assume a rainfall of 40 inches and a run-off of 50 per 
cent the averagi* yield would be 2G,560 acre-feet per year; or if we 
assume 2 second-feet run-off per square mile we have 50 second-feet, 
or 100 acre-feet, per day, which is equal to 36,500 acre-feet per year. 
The capacity of the reservoir with a dam 170 feet high is 25,334 acre- 
feet. 

Owing to the heavy grade to be surmounted in hauling material 
from the Southern Pacific Railroad at Sanger via Millwood, which is 
the shortest approach, a loose rock- fill dam with plank face is con- 
sidered the most economical. Freight from Sanger to Millwood (^^ 
miles) costs iO per ton of 2,000 pounds, or 45 cents per hundred poun<is. 
PVom Millwood freight would go, by the mill road already mentioned? 
12 miles to Converse Meadow, elevation 5,9(X) feet. From there a 
road would have to be graded over the low divide separating Coi^- 
verse Meadow from Long Meadow. This can be done, with easy gw*^^' 
ents, at an estimated length of 4 miles. The proposed method ^^ 
building the dam is by the use of two Lidgerwood cables, one on to^ 
axis of the dam, with traveling towers, and the other crossing tf^^ 
dam, working two (quarries, one above and one below the dam site- 

The bed rock at the proposed dam site is granite, solid and bare |^ 
the creek bed but seamy on the nortli side of the canyon. It it^ *^ 
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itrata from 5 to 10 feet thick, with a dip to the south of about 30 
legrees. The south side of the canyon will require stripping, prob- 
kbly 8 or 10 feet. It was impossible to carry tools to determine the 
iepth to bed rock, and the estimate of the amount of stripping re- 
[oired is obtained from surface indications. A view of the dam site 
n the north side of the creek is shown in PI. XVTI, A, 

Data regarding Long Meadow dam. 

leration at base of dam feet. . 5, 130 

temtion of floor of wasteway ' do . . . 5, 290 

leyation of crest of dam do. . . 5, 300 

le?ation of outlet do... 5,150 

ejghtofdam ...do..- 170 

ramage area square miles. _ 25 

anoff. Bstiiuated acre-feet. . 22, 500 

ipacity of reservoir below wasteway do. . . 25, 334 

ipacity of reservoir at crest level . do. . . 30, 033 

Following is the preliminary estimate of cost: 

Estimate of cost of loose rock-fill dam at Long Meadow, 

0086 rock, 673,000 cubic yards at $0.75 .. $504,750 

lank face, t rea 144,800 square feet: 

Two layers of 3-inch plank on lower half of face, 324,000 feet, B. M., 
at $30 9,720 

Two layers of 2-inch plank on upper half of face, 360,000 feet, B. M., 

at $30 10,800 

illfl, 12 inches by 12 inches, spaced 4 feet between centers, equal to a 

layer of 3-inch timber over entire surface, 432,000 feet, B. M. , at $30 . . 12, 960 

ibor on plank face . 6,000 

^asteway, 50-foot bottom width, slopes i to 1, 6 feet depth of wat«r. 
capacity 2,400 second-feet, length 400 feet, lined with cement: 

Excavation, 15,00a cubic yards of rock at $1 15,000 

Cement lining, 3,000 square yards (200 barrels of cement at $8, 

$1,600; labor, 3,000 square yards at $0.10, $300) 1, 900 

itiet tunnel in solid rock, cement lined, 4 feet by 6 feet, arched top and 

bottom, 500 lineal feet at $10 5,000 

»wer, including house and bridge, valves, gates, etc 8, 000 

ichinery and cable (75-horsepower engine, 2^-inch cable, two traveling 

towers to handle 10 tons) .. . 26,000 

Did from Converse Meadow to Long Meadow (4 miles) and to cable 

towers and around works (2 miles), 6 miles at $3,000 18, 000 

iearing reservoir, 500 acres at $5 2, 500 

620, 030 
Dgineering and contingencies, 15 per cent 93, 085 

Total 718,715 

The cost per acre-foot of water stored is $28. Plan, elevation, and 
■wiximum cross section of tlie proposed dam are shown in PI. XVIII. 
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Tlipctist of II cniicrt'tf tliiin Ht tliissiU* would be much 
tliat of )i riM-k-lilt 'liiiii. Tlif OHliuiiitc ih hh follown: 

Kiiliiimli- h/iuikI itf iHiun^'.lf tiam at lAntg 3f«ul0WL 

ITUOOOcnbicyftrdsormasonryatflO ~ - . - $l.TI1vii( 

Wiutewuy. :Mfeet by liireet , MjHj 

Oatlet tnnnol. I re>'t l>y (ifeet .. .. '^HHM 

TowDf.eto . .. %M 

Hacbinery and I'Hbto M,(lll 

RowlH 18,111 

( 'learini; resorvoir . . 1,101 

~M8MW 
EnifineorinK uud L'lmtinKencieH - 1I0,W 

Total l.mM) 

With a coiK-rcii' <1hiii t1ic> <-(>nt jM^r lu-re-foot of water 8toredul7J. 
tltriiiiint. *l'S Willi II loiBW ni<rk-lill liiiiii. 

BAST LAKE. 

[•'rom Long Meadow ttii- [mily iriovLnl lo Kast f^Rke, where the next ' 
siirv<.'y work was <1iiih' in July. This laki' is about 3 niileB up tht 
Soutli Fork of ffulibs ('reck, which is aliuut 5 miles above the janc- 
tioii of lful>l>s Oi-<t'k wilh tin- Suutli Fork of Kinfrs River. The besi 
way to Y*';v\\ till? lake is hy way of MiIIwocmI mid LcHig Meadow, tlionKli 
it ean iHt i-cai'licil l>y a shorter rout^' Ity ixickiiit; from ludependeuce, 
Inyo County, hy way of Kearsai^e I'asn. 

StJirliwK Willi Li.nfr Mc«iiow as a Imse (elevation 5,200 foet) the 
trail |j;o«'S first to Uearskin Meadow, ri miles distant aotl at an elevB- 
tiuii of f;,<)i>0 fec>t; then to Horse Corral Meadow, ^ miles distant And 
at an di'vatiou of T.Sl'ii feel; I lien t^o Sammit Meadow (overlooking 
Kings River Canyon), -';t miles ilistuiit and at an elevation of 8,150 
feel; then to Kinp) lliver Canyon, -la miles dintant and at an eleva- 
tion of T},viM feel, a descent of iaoa> than :i,U(Hl feet in 5 miles. About 
a mile njisti-cuin from the f<«>t of Ihis trail and approximately IS miles 
alxjve the jiiii<;tioti with the Middle Fork of KingH River, is the leg 
buildinj; known as the hotel and a slic<-p bridge across Kings River. 
The trail ihcn lea-ls up the South Fork of Kingt* River to Bubbs Creek, 
'.Vi milesdislatit and at an elevalinn of 5,:I70 feet, where the river makeii 
a sharp liend In the iiorlh; then up Itiilihs t'reek to it» south fork, 1!) 
miles distant and al an elevation of H,lJu feet; up the South Fork of 
Jtubbs Creek to Kast T,ake, T,i miles from Loiifr Sleadow and 63 miles 
from Millwood, at an elevation of !I.:)-jO feet. From where the trail 
eiilefs liulihs Creek it is very sleep antl nM'ky, and the 'A miles of it 
alontr the south fork of that creek wrailil n-tjuire a f^reatdeal of work 
to make it [HiNsable as a fiei^^ht trail. 

At Kast Lake llie country in all diiecticnis is ruKjrwl and l>are (see 
}'}. XVII, J)), tK'iiin near the limit u[ tW VwwWv \uw. Owlyutliiu 
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ficatt^ring of tamaracks is to be seen. At the time of the survey 
(July) considerable snow was still lying on the northern slopes and 
¥as feeding the South Fork of Hubbs Creek and its numerous lakes, 
vhich make this locality very picturesque. 

About 2i miles above East Lake is Reflection Lake (see PL XXI, A), 
vhich has a water surface of about 30 acres. It is a deep body of 
water between high, precipitous walls, and is at an elevation of 10,000 
feet. Above Reflection Lake, at an elevation of 11,000 feet, are numer- 
ous small lakes of from 1 to 3 acres area, all jierfectly calm, and 
refle<!ting the surroundings as in mirrors. Monuments were found at 
East Lake which showed that the California State engineering depart- 
ment had made a survey there. A topographic survey was made, 
under the direction of Mr. Green, with the following results: 

East Lake is formed by an immense slide or moraine from Ouzel 
Creek Canyon on the west, which has dammed the South Fork of 
Bubbs Creek at that point. The creek formed a lake behind this 
mordine until it overflowed and washed out the channel where the 
iam would be located, but the bed of the channel is probably 50 or 
50 feet above the old channel bottom, and the mass beneath and to 
he west is formed of huge blocks of granite embedded in granite 
lebris. That it is not water-tight is proved by the fact that several 
unall streams, caused by melting snow on the solid r(H5k cliffs above 
he moraine, disappear at the contact of the moraine and appear as 
iprinj^s on the slope immediately above the lake. 

There was a stream of water, estimated at 10 second-feet, flowing 
>ut of East Lake at the end of July, 1900. A weir dam which would 
ftise the water 70 feet above the lake level would bring enough pres- 
ure to bear on the moraine to cause considerable leakage, but it 
ould not wash out, there being too much rock in it, and there is the 
K)8sibility that it might silt tight. 

The area of the watershed tributary to East Lake is estimated at- 
2 square miles; the average elevation is 11,000 feet. The capacity 
fa reservoir raised 70 feet above the lake level, which was 0,350 feet 
•tthe time of the survey in July, would Ix^ 4, 154 acre-feet. The lake 
Uielf could be utilissed to some extent by deepening its mouth so as 
permit of an outlet tunnel or pipe being placed low enough to draw 
'ff 30 or 40 feet of the water. This would add perhaps 400 acre-feet 
the capacity of the reservoir. In like manner Reflection Lake 
ould \ye utilized, and would yield probably 700 acre-feet additional, 
making a total of 5,250 acre-feet. No estimate has been made of 
he cost of a dam, because of the remoteness and inaccessibility of the 
^Hiality, the cost of transporting material rendering such a project 
■xpensive to a degree out of all proportion to the limited capacity of 
he ivservoir. There is no timber available witli which to face the 
^ani, and cement would cost from $15 to *20 a barrel delivered. A 
^ntour map of the East Lake reservoir site is sliowu in PI. XIX. 
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While the camp was at East Ijake a visit was made to Ball F! 
Ijake, on the north side of Bubbs Creek, about 4 miles east of the soi 
fork of that creek and close to the summit of Kearsarge Pass, 
examination no dam site was found and the area of the lake y 
ascertained to be so small as not to warrant any topographic wo 
The elevation of the lake is 10,600 feet; the elevation of Kearsa 
Pass, 3 miles east of the lake, is 12,000 feet. The drainage area 
the lake is about 5 square miles. 

GRANITE BASIN. 

Granite Basin was the next place examined. It is on Granite Cre 
at the summit of the divide between Kings River Canyon on the So 
Fork and the Middle Fork of Kings River. It is reached by trail fi 
Kings River Canyon. Starting at Kanawyer's cabin, elevation 5, 
feet, the trail ascends the steep spur on the west side of Cop 
Creek, follows Copper Creek for about 7 miles, and crosses the dii 
at an elevation of 10,300 feet into Granite Creek on the west, 10 m 
from Kings River Canyon and at an elevation of 10,000 feet. A ( 
tour map of the reservoir site is shown in PI. XX and a view of 
site in PI. XXI, B, 

There are two outlets, divided by a butte. The outlet to the no 
west would require a dam 750 feet long at the crest and 140 feet hi 
the outlet to the southeast of the butte would require a dam 900 
long on the crest and 130 feet high to raise water to the plane of 
10,000-foot cont^our. A view of one of the outlets is shown in 
XXII, A. The area within the 10,000-foot contour is 144 acres 
the capacity of the reservoir 10,350 acre-feet. 

The drainage area tributary to Granite Basin does not exoe< 
square miles and averages 10,800 feet in elevation. There is a spj 
growth of tamarack scattered over the basin, the whole of wh 
however, is X)ractically bare and barren. The bed rock is grar 
The capacity of the reservoir compared with thec^st of the two Is 
dams necessary to create it and the difficulty of access render 
project impracticable. 

EliECTRIO POWER I>EVEI^OPMENT. 

In a study of the various irrigation possibilities of Kings Rive 
was deemed advisable to investigate the water power obtainable 
the purpose of generating electric energy for transmission to 1< 
pumping plants in the valley. This requires an investigation of tl 
distinct phases of the problem: (1) The available power; (2) 
available ground-water supply for pumping at or near the irrig* 
lands; and (3) the generation and transmission of electric power 
the installation of pumping plants. The subject will be treatec 
that order. Mr. II. E. Green was dc^taikMl to investigate the Wi 
power, Mr. Louis Mesmer the water supply for pumping, and 
Lewis A. iJicks the power transmissiou v\\\d v>v\uvvivu^ plants. 
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POWER POSSIBILITIES. 

From Granite Basin the trail passes over a nude and rug:ged gran- 
country until it drops suddenly into the beautiful Middle Fork 
yon (see PL XXII, B)y at Simpson Meadows, 10 miles from Granite 
and at an elevation of 6,000 feet. Tehipiti Valley is about 15 
down the canyon from Simpson Meadows, but the canyon is 
ically impassable, so the jmrty went by waj^ of Collins Meadow. 
Leaving the Middle Fork, elevation 6,000 feet, the trail ascends the 
West Branch of Goddard Creek and in a distance of 4 miles climbs 
ly 5,000 feet up a hard, rocky mountain, with only one ben(*h on 
ihich to rest animals and adjust packs. From the top of the ridge, 
deyation 10,600 feet, a magnificent view is obtained of the country to 
flke south and east across the South Fork of Kings River and Bubbs 
Creek to the watershed between Kings and Kern rivers. The trail 
then follows easy country to Collins Meadow, 30 miles from Sinip- 
1011 Meadows, elevation 7,600 feet. Coming from Fresno by way of 
Oekenden this point is the natural entrance to Tehipiti Valley. From 
Oekenden there is a wagon road for 15 miles, to Russel's camp, south- 
Mst of that place. From Russel's camp the trail follows undulating 
ai^ pine-covered country presenting easy grades for a continuation 
of the wagon road toward the North Fork of Kings River. The 
timil reaches the North Fork at Cliff camp, about 15 miles from Rus- 
•el's camp and about 3 miles below the Dusy Meadows dam site. The 
tnul to Dusy Meadows branches off about 3 miles l)efore reaching 
the North Fork. 

There is a good bridge site at the North Fork crossing, where the 
stream is confined between perpendicular walls of granite about 70 
feet apart. (See PI. X.) From the North Fork crossing the trail 
eontinues over rolling ground covered with pine and traverses many 
open glades which have good feed in the spring of the year. Collins 
Meadow is reached at a distance of 10 miles from the Xortli Koik. 
' From that meadow the trail to Tehipiti Valley turns south and fol- 
lows easily along a sloping bench between the saw-tooth Toinbston(» 
Ridge on the west and Crown Creek, to the head of the st(»ep (h^scciit 
(2,500 feet in 3 miles) to Tehipiti Basin. The elevation at the toj) 
of this steep trail is 6,500 feet and at the l>ottom 3,950 feet. At tlie 
junction of Crown Creek with the Middle Fork, in Tc^hipiti V.iUey, 
and dividing the two creeks, rises sheer from the bottom of the basin, 
3,350 feet in elevation, the remarkable Tehipiti Dome. 

A survey of the basin was made with enough detail to give roughly 
the capacity of a reservoir with a dam 150 feet high. The area of the 
reservoir would be 218 acres and the capacity 10,000 acre-feet. The 
dam would be 1,000 feet long on its crest. On the west side the 
materia] is all loosCj being a talus from a high (?liff. On the (vist. side 
some bed rock is visible where a spring torrent has washed out a 
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chaniifl, bni tlnTo in no really jrooil dam »it^. On August 26 the river 
was ni4'H8iiri*(l at a favorable place in the valley and 153 second-feet 
were recordeil. 

Having conn«fct^Kl the survey with Tehipiti Dome a traverse line 
was run <l<»wn t)i<* Middle Fork (-anyon toward the South Fork jun€- j 
tion, to ascertain the fall that would be available for power develop- 
ment. (Se^* profile nf river, PI. XXIII.) The canyon is a diffientt 
one to traverse, and without a verA' expensive trail the travene would 
have iN'en iniiH»ssible liad the water in the river not been low enongli 
to permit tlie eontinual <'rossing and recrossing of the stream. Five 
miles of the canyon weiv traversed from the camp at Tehipiti, and 
this iNMug the limit of walking distance for a day's work, and the 
junction not Immu^t in sight, the camp was moved, byway of the North 
Fork and the main river, to the junction. A typical view of fhe ean- 
yon of Kin^s Hiver near the junction of the South and Middle forks 
is shown in PI. XXIV, li. PI. XXIV, Ay is a view looking up theMid- 
dle Fork, and shows in the fon^^round its junction with the South 
Fork. 

Leaving Tehipiti the trail by way of Collins Meadow (elevation 
7,tJ(K) f<H't> and (iarlie Meadows (elevation 8,000 feet) was taken to 
the mouth of the North Fork of Kings River (elevation 800 feet), a 
distance from Tehii)iti of 3o miles. Hy this time the pack animals 
were in v«'ry iM)or condition from s<*areity of feed, owing to the 
reiK»atecl dry sinisons, and forajre had to l>c carried up Kings River 
during all subsequent work. On Septeml)er 13 the party started a 
traverse u]) Kings River friMii the mouth of Mill Flat Creek, where 
the Sanger LuTn])er Ccnnpany's flunio enters the canyon (elevation 880 
feet), to the junction of the Middle and South forks, a distance of U 
miles hy trav<M-se line and estimated to lye 30 miles by trail. The ele- 
vation al the junction was found to Ix^ 1,!»50 feet. The junction of 
the Mi<ldle and South forks was nuwhed October 8, after an anluous 
trip, for a great deal of brusli-eutting and considerable pick and 
shovel work had 1o 1m» doiu* to get the animals safely over bad places. 

The Mi<ldle Fork work wjis (^ontinue<l fwiu 5 miles below Tehipiti and 
was joined to t he main river survey. A traverae line was then started 
with a vi<»w to a.s(i!<»rtaining the distance an<I grade of the South Fork 
Canyon up to the "hotel.'' This survey, however, was prevented by 
an imiMissable eaiiyon -*A miles above the junction, and it l>eing near 
the en<l of 0<»to}>(»r further exploration work was postponed. On 
Oct()lM»r 20 the river was measured Iwilow the junction of the Middle 
and South forks and a flow of 34G second-feet was recorded. The 
t.rav<'rs<^ of the* main river developed the fact that from the junc- 
tion of the Middle au<l South forks the grade for 14 miies dow^n the 
river, or to the mouth of Mill Flat Creek, averages 7<).4 feet to the 
mile. F^'or 3 miles below the junction the j^rade is only 72 feet to the 
mile. It then increases to a umximuiuof 103 feet per mile, gradually 
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lessening, until above Mill Flat Creek for 3 miles it averages 54 feet 
per mile. 

The survey of the South Fork was not finished, but tlie work that 
was done warrants the belief that as good a power plant can be devel- 
oped there as on the Middle Fork. For this reason the site for the 
power house was chosen on the peninsula between the Middle and 
South forks (see PI. XXV), so that either or both could be used. A 
conduit from the South Fork brought down the North Fork side of 
the canyon could be taken to the same penstock, if necessary, as the 
Middle Fork conduit. In any event the site proposed for the power 
house Ls in the most advantageous position to utilize water power 
from both forks. A preliminary estimate was made of the cost of a 
conduit to carry sufficient water out of the Middle Fork to generate 
6,50() horsepower at the junction of the Middle and South forks. The 
estimate embi*aces the necessarj' works from the intake to the pen- 
stock. The location on the Middle Fork was selected because of the 
heavy fall of the stream at that point. The works would be in the 
canyon of the Middle Fork and would be reached by way of Millwood 
and the Sanger Lumber Company's road, already described, which 
runs to within 6 miles of the junction of the Middle and South forks. 
The descent in those 6 miles is about 3,000 feet, and will require a 10- 
per cent graded road. To reach the site of the proposed power house 
abridge will be necessary across the South Fork and G miles of 
trails will be needed up the canyon of the Middle Fork and around 
the works. The intake or headworks would be between 3 miles and 
U miles up the Middle Fork, whence the water will be conveyed in 
a series of short tunnels with a maximum single length of 1,500 feet. 
The tunnels will be in granite, unlined, and 6 feet by 6 feet in the 
clear. Adits in canyons will be arched over, allowing storm water a 
clear way. This form of construction is not only of a permanent 
nature, but it requires the minimum hauling of material and supplies 
into the canyon. 
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Following is the estimate of cost: 

Cast of conduit out of Middle Fork, 

Road into canyon, 6 miles at $8,500 

Bridge across South Fork _. 

Trails in canyon of Middle Fork, 6 miles at $500 

Tunnels (Barleigh drill work), 14,000 feet at $12 

Headworks, including masonry direrting dam, shaft for inlet, 

entrance gate, screen, etc 

Adits to tunnels, 14 at $500 



H 



Engineering and contingencies, 15 percent i 

Total 

The elevation of the intake would be 2,700 feet, the el 
the penstock 2,660 feet, and the elevation of the power t 
feet. The available head is 650 feet. The estimated mean 
horsepower equals 

h. B.-f. lbs. 

650 X 100 X 62. 5 650 x 100 „ ooa 
— "550 --,or—g^, = 7,386. 

With 150 second-feet passing through the tunnel the 1 
equals * 

650X150 



8.8 



= 11,000. 



With 180 second-feet passing through the tunnel the 1 
equals 

650X180 i^qnn 

During the late summer, when Kings River is at its miniii 
practically all of its water is coming from the higher 
drained by the Middle and South forks. In dry years 
Fork delivers in September about 10 second-feet, which 
enough to make good the loss by evaporation in the main 
the junction to the Red Mountiiin gaging station. It is be 
there is as much water at the junction as at Red Mountain, 
tionson the main river at Red Mountain covering the mont 
August, and September of the years 1800 to 1900, inclusi\ 
that had the i)ropo8ed tunnel conduit been in operation c 
time it could have been filled to its maximum capacity of ' 
feet during the whole of the month of July of each year, 
whole of August of the same years th(* tunnel could have be< 
with 100 second-feet of water, and for 75 i)er cent of the ti 
have had 150 second-feet. During S(»pt ember of the sai 
supply of 100 second-feet could have been obtained three-1 
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time and an average of 85 second-feet during the remaining two-fifths 
(rfthe time — the exceptionally drj'^ years of 1898 and 1809. With GoO 
feet head the 85 second-feet would ^ield 

h. B.-f. 

^^^ = 6,250 horsepower. 

This means that during every month of each of the foregoin*:: years, 
excepting the two months of August and Sei)tcml>er, the conduit 
could have carried its maximum capacity of 180 second-feet. 

Careful measurements should be made of the Middle and South 
forks to determine their respective volumes of flow befort^ construc- 
tion is attempted. 

GROUND WATER OF KINGS RIVER DELTA. 

The territory with a deficient water supply is that covered in the 
main by the Fowler Switch, the Alta District, the Kingsbury, and the 
Last Chance canals, Peoples' ditch, and the Fi'esno canal. A late 
summer supply would permit the production of alfalfa and other 
products. The natural drainage of these lands is toward tin* south- 
west, at the rate of about 6 feet to the mile. The soil is largely 
granitic sand, and below an average depth of 10 or 15 feet it is satu- 
rated with water. The surface water is somewhat alkaline, and there- 
fore it is not advisable to pump it for irrigation. Water l)elow a depth 
of 50 feet can be considered satisfactory for irrigation. This is based 
on tests of more than 800 wells in the district, some of them being 
in sections where there were the strongest surface alkaline indica- 
tions. In everj' case this lower water was found to be good, and 
when the strata near the surface are penetrated it nses to the eleva- 
tion stated. 

There have been few attempts to pump water in larger quant it}- 
than is required for domestic purposes. A 2-inch screw pipe put 
down to an average depth of 50 feet, landing the pipe on a stratum 
of clay and then boring through the clay and allowing the water to 
come in from the bottom of the hol(», is always ample for this purpose. 
Locally it is the common impression that by boring through two or 
three strata of claj^ or hard pan all of the surface water is shut off, 
thus exempting the consumers from one of the supposed causes of 
malaria. An abundant supply of water at 20 or 30 feet could be 
obtained, but the quality would not be so good. 

One of the largest pumping plants in this vicinity is that of the 
Fresno Domestic Water Company, the water supply for wnich is 
obtained from unperforated wells at a depth of (500 feet. In this case 
an ample supply (about 4 second-feet) for a city of 12,CKK) inhabitants 
is obtained from a city lot 50 feet by 150 feet. In and around Fresno 
a number of wells have been put down for street sprinkling. ThCvSe 
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wells are 8 incheH in diameter and do not exceed 70 fett 
They are unperforut-ed, excepting perhaps the lower joini 
the pipe, and practically all of the water comes from tl 
With a 24^-hor8epower engine they fill a 1,250-gallon tank u 
the surface in five minutes, or at the rate of more than < 
foot, lowering the water plane during the pumping not to < 
6 feet below its normal elevation. A few small pumping p 
been installed^-one 5 miles east of Fresno, on Minnewr 
several around Selma, and two near Wild Flower — which yi 
0.5 second-foot to a 7-inch unperf orated well not more tl 
deep, with a lift not to exceed 20 feet in any case. 

Wells of al>out 10-inch or 12-inch cAsing should be put 
depth of about 100 feet on an average, and should not be 
above 50 feet below the surface, thus shutting off all possi 
of drawing from the more or less alkaline surface water, 
able that wells of this size and depth would each furnish 
feet. A well driller in Selma states that he will put 12 
down to a depth of 150 feet and guarantee them to furnish 
feet each, without i)erf orations, at a cost not to excee< 
well. 

PI. V is a map of Kings River delta showing the distribu 
and the location of the wells visited during the investiga 
numlx»rs of the wells on that map correspond with the nun 
following table, which gives the details concerning each 
principal facts regarding the wells are given in abbrevij 
In the first column is the number of the well, as shown o 
PI. V. In the next column is the name of the owner, anc 
that the location, by township, range, and section; the 
pie ted; and the class of well, the latter being indicated by 
meaning dug well, Dr driven well, and B bored well, the a 
ing figures giving the average^liameter or width, in inches- 
pie, DSO means a dug well 'M) inches across. The depth of tl 
depth to water, and the depth of the water in the well, all 
given in the next columns. These columns are followed by 
the character of the strata, which is indicated, by initials, 
clay, G gravel, (^i^r decomposed granite, Lloam, Ssand, ^q 
Qs quick-sand, and /i/)hardpan. To illustrate: LSG is eq 
loam, sand, and gravel. The next column (right-hand pag< 
quality of the water, wheth(»r hard, soft, alkaline (aZA*), t 
ous {sul). The next oik* gives the method by which tl 
obtained, the word hand meaning hand pump, horfie a h 
machine, and wind a windmill. In the latter cast* the a 
ing figures give the diameter of the windmill, in feet. Fo 
H wind is intended to imply that water is pumped l)y a 14 
mill. The cost of the well and of the machinery is given 
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wo columns. Following that is the character of the supply, good 
ndicating a good supply and smail a small or deficient supply; 
^here the quantity is given it is in gallons per day of twenty-four 
lours. In the next column, headed '' Use of water," the abbreviation 
lorn implies domestic use, st implies use for watering cattle and 
lorses, and irr that water is also used for irrigation. The last col- 
imn gives the relative salinity of the water in parts per 100,000. Ah 
4 rule the water in most of the wells varies in quantity as a result of 
irrigation, the fluctuation being within limits of a few feet. 
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do 


30.00 


6.00 


:::::do:::::::::::::: 


Dom; st 







Rope 


Hnmll 


Dom 


9 




Hand 






do 


8 




do 




4.00 


Good 


Dom: st 


8 




do 






Dom 


8 




do 


75.00 
45.00 


"i5.'o6' 

6.76 


Good 


do 


8 




do 


do 


do 


8 




do 


do 


do 


10 




do 






do 






do 




3.00 
41.00 


Good 

do 


do 


8 




Swind 


80.00 


do 


8 




Wind 


do 


Dom; Irr 


12 




Swind 






do 


do 


11 




H^nd 




26.00 
35.00 


do 


Dom 


10 




18 wind 




do 


do 


11 




Hand , 




..do 


... do 






Wind 








do 


8 




do...... .. . 


• 




Good 


do 


8 




H«^r>d , , , 






. . - do . 


do 


12 




do 




80. (JO 


.... do 


do - 


11 




8 wind 




.... do 


do 


t 




Hand 




5.00 


...do 


do 




do 




do 


do 


10 




do 






...do 


do 


12 




Uwind 






do 


Dom: st 

Dom 


10 




Hand 






do 


12 




do 




5.00 


do 


do -.-.-- 


8 




.... do 




do 


do 


8 




Wind 


1 


do 


do 


12 




Hand 






do 


do ... 


8 




Wind 






...do 


do 


8 




Hand . . r 




5.00 
1.50 


.. .do 


do 


8 




Leyer .... 


6.00 


Small 


Dom; irr 


15 




Wind 


Good 


Dom 


14 




Gt9l^x band ...... 




do 


do 


12 




do 





5.00 


...do 


do 


10 




Hand 




do 


do 


8 




do 




5.00 


.... do 


do 







Wind 


. 


. do 


do 


12 




do 


83. (K) 


170.00 


do 


do 


12 


" 


do 


. do 


do 


18 


" 


do 


1 


.. do 


do 




" 


do 


1 


do 


.... do 


11 


* * 


do 


1 


.... do 


.. . do 





*" 


do 


1 


do 


Dom; st 


10 


" • 


do 




... do 


Dom 


c 


" • 


do 


85.00 


130.00 


do 


do 





" • 


Steam 


«,000gaUon8 

Good 


Winery; dom 

do 


18 




Steam; wind 


100.(10 




12 



58 STORAGE OF WATER ON KINGS RTVBB, OAL. 

WeO* in King* Sitter data— 



i 


OwMFotweU. 


Loa 

£! 

13 S 
IS L 

ii 

IS t 

■ii 
ii 

B 1 
B £ 

SI 

n i 

w 

Ii 

la 1 

Ii 

12 S 

13 1 

11 

U 1 

ii 

in 

13 • 


. 8, 

IB 

t h 

1 

n M 

s 

a) 

! 

8 

IG 

IS 

i 

w 

21 

1 
J 

33 
» 

an 
« 


pleiod. 


"IS."' 


1 

■B 
1 




1 
1 


■a 
1 

IE 


Strm 


s 


PBolLeaalun 


IH. 


«t 


^.^. 












law 




^.« 


n 
















i 




■ iii^" 












'■•'iS'^'-'"' 






i 
1 

31 




Hpaoc. 
















SB 


J! 






vm 












lis 


a 












«S A.B.Ball 




MO 

m" 
ffii 

i 












113 


» 
































S 

BO 
113 

St 

§ 

1 


■Hi 
14-1- 


















d-b"".:/.: 








""rc^S^ " ■ 




V^ 












uei 


1 




iS i-S%:^ 






























SiS^SSis?' 


IWl 




IIU 










Wi 

1 






in 


Mfe*'""- 




i. 


47 




|J-^^" ■■■---■ 








LHpca. 
















1888 




1 


■■«■ 








I"."!! 




W.E.pBrkBr'.. ■;";; 


iim 




















■«£ 




...... 

■■»■ 


30 


LHpAlHf 


i^^^^^^^:- 


ij'i' 




o 


BB....... 




J 
i 








.5 








B9.".i;;;!", 




1 
















ig-gar":;;"" 




s 






E::;:.:::: 






1 














Dau"!!!;;;;! 
DO) : : " 


tu 

SB 

i, 


71 
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Kings coun^tM— Continued. 



Method of lift. 



Cotftof 
weU. 



[and.. 
V^iod . 

team. 



4 wind. 
2 wind 
4 wind 
wind . 
lorse.. 
wind . 
6 wind 
...do., 
land. 



6 wind 
...do.. 
4 wind 
land... 
¥ind .. 
...do. 
6 wind 
«rind . 
4 wind 
...do. 
6 wind 
land., 
iope.. 
4 wind 

1 wind 
land... 
«rind . 
land.. 

2 wind 
land... 
iwind. 
land.. 
...do. 

• wind.. 

land.. 

...do. 

...do. 

...do- 

^ind . 

iwiud. 

land.. 

...do. 

...do. 

twind- 

2 wind 

Iwind.. 

land.. 

^ind . 

land... 

Iwind. 

land . 

(wind.. 

land.. 

iope.. 

land.. 

..do. 

BLorse. 

14 wind 

aand.. 

L6wind 

Band.. 

)wind 

L6wind 

twind 

Band 

iwind 

Band 

)wind 

mnd 

BOTBO 



$30.00 



145.00 



Cost of 
ma- 
chin- 
ery. 



$5.00 



41.00 



113.00 



100.00 



40.00 
88.00 



25.00 

25.00 

60.00 

176.00 



22.00 



37.50 




90.00 



Supply. 



Gkx)d. 
.....do 



8,125 gallons. 

Good 

do 



125.00 
i74.'66" 



5.00 



30.00 
5.00 



5.00 

so.oo' 



6.00 

5.00 

100.00 

5.00 

18.00 



6.00 
5.00 
5.00 



48.00 
6.00 



.do. 

.do. 
do 

-do 
do 
do 

.do 

.do, 

-do 
do 
do 
do 

.do 
do 
do 
do 
do 



Small 



Good. 
do 



35.00 
6.00 



...do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

.... do 

do 

do 

...do 
do 

do 

do 

do 

.... do 

Small 

Good. 
do 



5.00 



5.00 
6.00 



. . do 
do 

...do. 
do 

Small . 

do. 

do. 

Good. 
do 

Small 
do 

Good, 
do 

Small 

Good . 

Small 

Good, 
do 

Small 

Good. 
Small 

»» Heavy soil. 



56.00 
25.00 



Use of water. 



Dom .. 
do 



/Dom; boilers of 8. P. 
iTCo. 

Dom; st 

...do 



A 



....do.... 
....do.... 
....do.... 
.. .do.... 
...do.... 
. .do.... 
....do.... 
....do.... 
....do.... 
...do..., 

Dom 

Dom; St.. 

Dom 

Dom; St.. 
...do.... 

Dom 

Dom; St.. 
....do.... 
...do.... 
...do.... 
...do.... 
...do.... 

Dom 

Dom; St.. 

Dom 

...do.... 

...do.-.. 
Dom; St.. 
...do.... 
...do.... 

Dom 

Dom; St.. 
...do.... 
...do.... 

Dom 

Dom; St.. 
...do.... 

Dom 

Dom; irr. 
Dom; St.. 

Dom 

Dom; St.. 

.do... 

do 

...do... 
...do.... 
...do... 
...do.... 

...do... 

Dom 

Dom; St.. 
...do... 
...do... 
Stock ... 
Dom; St.. 
...do... 
.. .do... 
...do.... 

...do... 
... do -. 
Stock ... 
Dom: St.. 
.. do... 

Dom 

Dom: St.. 

...-Ao... 



8 
8 

9 

9 
10 

8 
11 
13 
12 
12 
11 



11 
12 
11 
11 

9 
10 
12 
11 
10 
13 
14 
13 
24 
12 
15 
11 
18 

8 
13 
13 
13 
16 
10 

8 
13 
12 

8 
18 
10 
16 
13 
11 
13 
11 

9 
11 
13 
13 
11 
15 
18 
21 



18 
13 
20 
16 
21 



21 
13 
28 
25 



12 
13 
18 



HTUBAOB OK WATKB OK KINGS BITEK, CAL. 

Wea» in Kima* Siver dOta- 
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i Kings countiea — Contintied. 



Method of lift. 



Hand... 
10win4 
Band... 
Wind .. 
Hand... 



Bope... 
8 wind . 
Wind .. 
...do.. 
14 wind 
Hand... 

do.. 

Wind .. 

do -. 

8 wind . 
10 wind 
Wind .. 
Bc^M... 
Hand... 

Gas 

Hand... 
8 wind . 
Hand... 
Steam.. 
Hand... 

do.. 

8 wind . 

do.. 

Ckw .... 
Hand... 
8 wind . 
Hand... 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

8 wind . 
Hand... 

do.. 

8 wind . 
Hand... 

do.. 

8 wind . 

Hand... 

do.. 



do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

.... do.. 
8 wind . 
Hand... 
12 wind 
Hand... 

do.. 

do.. 

Bope... 
do.. 



Cost of 
welL 



Cost of 
ma- 
chin- 
ery. 



S.OO 
.00 
6.00 



ffiO.OO 



40.00 

180.00 

14.00 



5. 00 



80.00 



15.00 



ao.oo 

40.00 
120.00 



23.00 
23.50 



28.(0 
20.00 



28. OU 
20.00 



20.00 
16.00 



25.00 



30.00 
30.00 



40.00 



40.00 

166.00 

35.00 



4.25 



4.25 
79.00 
10.00 



4.25 

4.25 

46.00 

52.00 



5 00 
75.00 



5.00 
6.00 
4.26 
6.00 
5.00 



4. 
4 



00 
00 



6.00 
15.00 
45.00 



5. 
4. 



00 
00 



50.00 
4.00 



H5.00 
27.00 
30. (N) 
12.00 



4.00 

4. a) 

4.00 
4.00 
4.00 
4.00 
6.00 
4.25 
4.00 
65.00 
4.25 
125.00 
4.25 
8.00 
6.00 



Supply. 



Small 
Gk>od. 
.....do 

do 

.....do 



Good. 
do 



do 

do 

do 

... do 

...do 

do 

do 

....do 

.....do 

do 

.....do 

288.000 gallons. 

Good 

do 

do 

120,000 gallons. 

Good 

do 

do 

do 

24. 000 gallons 
Good 



do. 

do 

-do 

do. 

.do. 

.do. 

.do. 

-do 

.do 

-do 

do 

.do 

.do 

do 

do 

do 

do 

.do 



Good.. 

do. 

do. 

do 

do. 

do 

do. 

do 

do 

do. 

do 

do 

do 

do 

do 

do 

do 

do 

do 



Use of water. 



Dom; at. 

do... 

do... 

....do... 
Dom 



Dom; St.. 

Dom 

Dom; St.. 
....do ... 
....do.... 
...do.... 
...do.... 
...do.... 

Dom 

Dom; St.. 
...-do.... 
...do.... 
...do.... 
...do.... 
Streets.. 
Dom: St.. 
.. ..do... 
...do.... 
Winery.. 
Dom: St.. 
.....do.... 
...do.... 

do.... 

Irr; dom. 

Dom 

...do.... 
Dom; St.. 

do ... 

....do... 
....do.... 
.. .do.... 
.. .do.... 
....do.... 

do.... 

do... 

Dom 

Dom; St. 
.....do... 

do... 

do... 

do... 

do... 

do... 

do... 

do.... 

do.... 

Dom 

Dom: St. 

do.... 

Dom 

do... 

do... 

Stock ... 
Dom; St. 

do... 

do... 

Dom 

Dom; St. 

Dom 

do... 

Dom; St. 

do... 

do... 



15 
16 
12 
12 
14 



11 

16 

17 

17 

12 

14 

14 

13 

12 

15 

13 

15 

12 

20 

11 

8 

8 

11 

8 

11 

12 

11 

9 

8 

8 

8 

12 

8 

8 

8 

8 

18 

11 

14 

15 

14 

11 

14 

10 

8 

11 

10 

11 

11 

11 

10 

8 

14 

8 

10 

13 

13 

U 

8 

12 

16 

15 

18 

16 

12 



8 wind 
Hand.. 
..do. 
8 wind 
Wind . 



22.00 
29.00 



45.00 



100.00 
4.25 
4.00 



9.00 



Good. 

do 

do 

do 

do 



Dom 

do... 

Dom: St. 

do... 

Dom 



13 
11 
12 
12 
8 



8TORAOE OP WATEB ON KIHOS RITBB, CAL. l'o-». 

TTeOa fn Kingt River Mta—FrtMo, 




tsa Fred Boadlns 

8E4 , Bonnor Vineyard C 

S2b 1 A.F.Altirooht 

SX I Judgo Rlslejr 



J.'U.UaH 

Hr-KvuDev 

J.J.Lnco 

Dr. A. E. Small-.-. 
Andrew Nolwm .. 



F.H.BurDtwm -. 
Mtiddlmn Hcbnol 



U.D. Smith 

"i.H.L.Ormngor . 

I.FugI«ng 

" Boltonr.Gntiirie H Co 



O. D.Qaniwni.. 



E.Tonrniuinl-.. 



:i II IMM 



if 

s ^ 



3Y 



Jobn Smith-.- 

Bunk 

HtcvaniJfc Harlnnd.. 



KncraniontaBftiili-- 

Whllo 

Qeo.KZlgler.-. 



DKvtd CrawtOTd. 
UoDouAld 



SM I^wUGobbf 

aiT Oer.Kilv]iiB«Bh.. 

E8H Wm. Bollard 

7S«a I CbBH. B. Pierce ... 

aw) C»pt. Cuttle 

««/ / JItra. n. Wirawick 
SK^ I Fi-eiJ llneDIi 



M 1800 I 88... 



LBpC.. 



LHpSC . 
CO 
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tg« coun/teA— Continued. 



hod of lift. 


Cost of 
well. 


Cost of 
ma- 
chin 
ery. 


Bapply. 
Good 


Use of water. 


I 

f 








Dom; st 


8 


> . 


$16.00 


$4.25 


... do 


do 


11 




do 


do 


10 


> 






do 


do 


lU 


id 






do 


Dom 


15 


> 


100.00 
25.00 
25.00 


ioo.'oo 

4.00 
4.00 


... do 

do 

do 


Dom; st 


12 


; band 


Dom 


11 




Dom; st 


10 






10 




55.66 ! 4.00 
11.00 4.00 


Good 

do 


Dom; st 




>. 


Dom 


12 


i 






200HralloD8 


Dom; st 


12 






4.00 
5 (JO 
4.00 
4.00 

250.00 

40.00 

4.00 

4.00 

200.00 


Good 


...do 


12 


> 


2f).00 
20.00 


Small 

Good 

. ...do 


do 




> 


- -do 

Dom 

Dom; st 


9 


> 


8 


i 


35.00 
20.00 


...do 


13 




do 


Dom 




> 


do 


Dom; 8t 




> 




do 


do 


11 


d 




do 

do 


Dom 


17 


> _ 




Dom: 8t 


8 






4.00 


do 


...do 


9 


> 




do 


do 


8 


> 




4.00 
4.00 
4.00 
4.00 


...do 

do 

...do 


Dora 

Dom; st 


18 


) 


25.00 


12 


) ,. 


do 


15 


) 




do 


...do 


12 




28.00 


66.00 


do 


do 


10 




29.00 
33. 00 


4.00 


... do 


Dom 


11 


i 


do 

do 


.. do 


13 


> 


29.00 ! 41 (V) 


Dom; st 


11 






11.00 

47.00 

4.00 

H\ no 


do 


do 


12 


) 


:».oo 

14.00 
42.00 


do 


do 


11 




do . 


Dom 


14 


i 


do 


Dom; st 


13 




22.00 1 4 iio 


do 

. .. do 


do 


20 


) ..... .. . 




11.00 
4.00 


Dom 


8 


) 




do 

do 


Dom: st 




) 




4.00 
4.25 


do 


11 


).. 




do 


do 


10 


i 


""wVojV 


270. 00 


do 

do 


do 

Dom 


12 


>....,. 


48.00 


4.25 

26 00 

3.00 

4.00 


13 




.... do 


Dom; st 

do 


29 


> 




do 


20 


) 


25.00 


do 

do 


do 

do 


26 


) . . . 




4 00 


27 


> 


25.00 


4.00 
0. 00 


do 


do 


37 




.. do 


do 


16 






4.00 


do 

.do 


do 

do 


89 


> 


24.00 
15. (V) 


4.(X) 
4.')0 
6.00 


28 


) . . 


.... do 


do 


:« 


> 


...do 


do 


35 


) 




1.00 


.. ..do 


do 


8 


) 




4.00 


.. do 


do 




1 




...do 


.. ..do 


24 


; hand 




. ..do 


do 


2 J 






4. 00 


.... do 


do 


11 






... do 


Dom 


11 


) 


65.00 U on 


do 

do 

. ...do -- 


Dom: st 


9 






4.00 


.. .do 


13 






5.00 
10.00 


do 


16 






do 


Dom 


15 


ij 


95. (K) 


45. 00 
25.00 


... do 


Dom '. st 

Dom 


18 




Small 

Good 

do 


36 


id 


%\ 00 


Doin :Rt 


4> 




70. (K) ' 140. (JO 
5.00 i 4.00 
4.00 rt.OO 

4.00 

45.00 1 


...do 


10 




do 

do 

do 

do 

i do 


... do 


14 


^ - --- 


... do 

.... do 


2.» 
2* 




do 


12 


id 


do 


35 




1 .V^ (i) \ 4. 00 

ry\AH) 


Small 

Good 


\ Ao 




id .. . 


\ Ao 


O'A a 







MTORAdK «)K WATER ON KJNOH RtVRR, CAL. ["'-K 

WelU in Kinffa Rioer ddta—Prmo, 



Owner of mil. 



Hn..M.J.Hatcb.. 



Mrs. M J Hatch . . 



Juhn Smith. 

John Rottgrr 

oiii n. I '. BiiperwD . 

»» R L.DDnbmiii .. 

ax C.J.Smttb 

3IU Ur. Parkier 

313 'HermSQ Royee . . 

Sla Anpint Wwya... 

H14 Barle; Bros 

Hln F.Dnbring 



J. W. ONlmai 
Mike ADdr«« 



E.R.Hafcmtt.... 
C. H. RaaiDuiwiin 



Wm. GUbeon . . 



,1. P. Ward 

Fre-noNat.Bk., 

y.Madlio 

I J.r.l'a trlght... 
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nd Kings counties — Cbntinned. 



Method of lift. 



Hand . 
Wind . 
8 wind 

do. 

Hand . 



Hand ... 
Wind ... 
Hand ... 
...-do... 
...do... 
Turbine. 
Hand ... 
...do... 
..-.do... 

do... 

Wind .. 
Hand ... 
8 wind .. 
Hand ... 

do... 

....do.. 

do.. 

10 wind . 
Hand .. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

Hand... 
8 wind . 

do.. 

Hand... 

do.. 

do.. 

do... 

do.. 

do.. 

do.. 

Wind .. 
do.. 



Ck)8tof 
well. 



$40. (KJ 
28.00 

225.00 
33.00 
80.00 
52.00 
94.00 
90.00 



66.00 
21.00 



Cost of 
ma- 
chin- 
ery. 



$4.00 
160.00 

aoo.oo 

46.00 
4.00 



4.00 
"4.06" 



4.00 



26.00 

'2r."n6" 
45.66 



60.00 
18.00 
36.00 
35.00 



37.00 



30.00 



90.00 
61.00 



16.00 



25.00 
4.00 
6.00 



14.00 
4.00 
40.00 
12.00 
12.00 



4.00 



4.00 
4.00 
4.00 



00 
00 
00 
00 
00 
00 
00 
00 



58.00 
60.00 

■ '4. 66' 



4.00 
4.00 
4.00 



40.00 



Supply. 



Good.. 
....do 



...do. 
....do. 
....do. 
....do. 
...do. 
...do. 
....do. 
....do. 

do. 

do. 

...do, 

do 

...do. 
.....do 

do 

.....do 
....do 
...do 

do 

do 

....do 

do 

do 

do 

.....do 
.....do 

do 

do 

Small 
Good.. 

do 

do 

Good.. 

do 

.. .do. 

do 

do 

...do 

do 

do 

do 

do 

do 

do 



Uae of water. 



Dom; St. 
. ..do... 

Dom 

Dom; st 
-...do... 
....do... 
....do... 
....do... 
...do... 
...do... 
... do... 

Dom 

Dom; St 

...do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

...do... 

...do... 

Stock ... 

Dom 

Dom; St. 
....do... 

Dom 

Dom: St. 

Dom 

Dom; St. 

I do... 

....do... 
....do... 
Dom; St. 
....do... 
....do... 

Dom 

Dom; St. 
... do... 
...do... 
....do... 
-..-do... 
...do... 
....do... 
....do... 



12 
18 
18 
78 
16 
16 
9 
18 
16 
12 
21 
15 
11 
16 
12 
27 
18 
26 
11 



11 
24 
28 
21 
9 



10 

28 

30 

8 

8 

8 

14 

14 

13 

9 

10 

9 

18 

16 

19 

12 



14 
21) 
12 



Wind 
Hand. 

do 

Wind . 
Hand. 



do. 

Steam. 

Hand. . 

do. 

do. 

8 wind 
Hand.- 



19.00 
65.00 



4.00 
80.00 



Good- 
do 

...do 

do 

do 



Dom; St. 

do... 

do... 

do... 

Dom 



206.00 



24.00 
25.00 



6.00 

1,300.00 

5.00 
4.00 
5.00 



...do 

1,292,633 gallons 
Good 



Dom; st. 
Irr 



-do 
..do 
..do 
..do 



Dom; St. 
....do.. 

do... 

.-..do.-. 
do... 



15 
8 

11 
9 

12 

12 

9 

15 
13 
15 
16 
12 



Wind .. 
Hand... 

do.. 

10 wind 
8 wind . 
Hand... 

do.. 

Wind .. 
....do.. 

do.. 

Hand... 



30.00 
36.00 
75.00 
75. 00 
40. (W 
17. 00 



4.00 
11.00 
11.00 



117.50 
3.35 
3.25 



60.00 



Good- 

do 

do 

do 

do 

...do 
do 

...do 



45. 00 4. 00 



100.00 I do 

...do 
-.do 






Dom; st. 
....do... 
...do... 
-..-do... 

Dom 

Dom; St. 
...do... 
...do... 
...do... 

Dom 

Dom\ «t. 



i 



16 
12 
12 

9 

9 

9 
14 

8 
17 
12 
"8^ 
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Method or lift. 
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tiid KingH eoun^ie«— Continued. 



Method of Uft 



Cost of 
welL 



CkMtof 
ma- 
chin- 
ery. 



Supply. 



Use of water. 



Hand. 
do 



$10.75 



$8.25 
a. 26 



Oood. 
do 



Dom; 8t. 
do... 



12 

8 



> Hand... 
Wind .. 
Hand... 
Uwind. 
8wind.. 
Hand... 
...-do.. 



3.25 
4.U0 



50.00 
"3."56 



Good. 

do 

do 

....do 

do 

do 

do 



Dom; St. 

do.. 

do.. 

....do... 
...do... 
....do.. 
...do... 



18 
9 
8 
15 
U 
8 
8 



Hand 

do 

Wind 

Hand 

do 

do 

.....do 

Wind 

Hand , 

do 

Wind 

Hand 

do 

Rope 

Hand; horse. 

Hand 

do 



4.50 
8.50 



12.00 



67.00 



11.00 



lUO.OO 



4.25 



80.00 



36.00 



...do 

do 

.....do 

.... do 

do 

Wind 

do 

Water; hand 

12 wind 

Hand 

do 



40.00 

ao.oo 



Wind 

do.. 

8 wind.. 
Hand... 
...do.. 
Uwind. 
8 wind . 
Wind .. 

do.. 

Hand... 

12 wind 

Hand... 

....do.. 

. ..do.. 

8wind.. 

Hand... 

Wind .. 

Hand... 

Wind .. 

8 wind.. 

Hand... 

.....do.. 

Wind .. 

Hand... 

do.. 

do.. 

do.. 



84.00 
80.00 



Wind 
do 



80.00 



97.00 



21.00 



24. «)(» 
25. H) 



3.50 
6.00 
5.00 
3.50 
3.50 
3.50 



6.0C 



5.00 



100.00 
70.00 



47.00 



4.00 
5.00 
3.25 



4.25 



12.00 



47.00 



3.50 



3. ri(l 
3.25 



5.00 



Good.. 
do 

do 

do. 

BmaU . 
Good.. 

do. 

.....do 

do 

do 

do 

— do 

do 

do 

do 

do 

do 

do, 

do 

do 

do 

do 

do 

do 

do 

.. ..do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do 

do 

.... do 

do 

do 

do 

do 

do 

do 

... do 

do 

do 

. .do 

do 

do 

do 

do 

...-do 
... -do 

do 

do 



47.00 do 

89.00 do 



Dom; St. 
...do... 
. ..do... 

do -. 

.....do... 
...do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

...do... 

do... 

do... 

do... 

do.. 

do... 

do... 

do. .J 

Dom 

Dom: St. 

do .. 

...do... 
Stock ... 
Dom; St. 

do... 

do.. 

do... 

do... 

do.. 

do... 

do... 

do... 

Stock ... 
Dom; St. 

do... 

do .. 

do... 

do... 

do... 

do... 

...do... 

do... 

do... 

do.. 

do.. 

do.., 

do.. 

do.. 

do.. 

do... 

do.. 

do.., 

do.. 

do.., 

..do... 



8 
17 
24 
17 
14 
16 
14 
12 
15 
12 
26 
12 
11 



8 
18 
14 
12 
81 
13 
12 
14 



12 
12 
11 
12 
19 
13 
16 
14 
10 
14 
10 
11 
8 
12 
10 
18 
13 



13 
17 

8 
12 
11 

9 
18 
II 



8 
13 



19 
20 



16 
21 



Hand. 



3.25 



Good 



•Swale water 12 feet below. 



Dom; st 



82 
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WtO* in King* Biver ddta- 
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d Kings counties — Continaed. 



Method of lift. 


Cost of 
weU. 


Cost of 
ma- 
chin- 
ery. 


Supply. 


Use of water. 

1 

1 




Hand , 






Good 


Dom; st , 




.... do 




$8.00! 


do 


do 


10 


i,ift. 




do 


do 


11 


Hand 




6.00 1 

8.50; 

8.60 1 

60.00 > 


do 


do 


14 


do 




... .do 


do 


12 


... do 




...do 


Stock 


17 


8wind 


HQO.UO 


.... do 


Dom; st 


82 


Wind 


do 


do 


12 


Hand 




3.50 


... do 


do 


13 


Wind 




do 


do 


12 


Hand 




8.60 

65.00 

56.00 

3.50 

3.25 


do 


do 


18 


Wind 


90.00 


do 


do 


15 


Swlnd 


do 


do 


14 


Hand 




do 


do 


16 


do 




do 


do 


19 
























Hand 




8.00 


SmaU... 

Oood 


Dom; Bt 


14 


Uft 




Dom 


14 


n«Tid 




3.00 
3.50 
3.50 


. ..do 


Dom ; st 


8 


.... do 


ao.oo 


do 


do 


10 


do 


do 


do 


12 










Hand 


ao.fio 

7V. 00 


3.110 
200.00 


Good 


Dom; st - 


14 


8wind 


...do 

do 


.. do 


11 


Wind 


... .do 


8 


Hand 




3.50 
3.25 
3.50 
d.W 
3.50 
3. .50 
3.50 
3.50 
15.00 
3.50 


do 


Stock 


19 


. do . -..-.. 




do 


Dom: st 


8 


do 


4.50 


...do 


.... do 


8 


do 


do 


do 


13 


do 




do 


do 


18 


do 


86.00 


....do 


...-. do 1 


82 


do 


do 


do 


9 


do 


30.00 
36.00 
22.00 
80.00 

"ttt.OO 

"52.66' 
44.00 


do 


do 


31 


do 


do 


do 


33 


.... do 


do 


do 


15 


do 


do 


do 


12 


do 


11.00 

W.OO 

9.U) 

3.50 

120.00 


...do 


do 


11 


do 

do 


do 

...do 


.. do 

. do 


14 
11 


do 


do 


do 


28 


do 


do 


do 


17 


'Wind: hand 


do 


.... do 


21 


12wind 




200.00 


do 


. do 


29 


Wind 




do 


Dora 

Dom: 8t 

do 

...do 


! 15 


12wind 


116.00 
70. (JO 
48.01) 


42.00 
46.00 
55.00 


1 do 


11 


Swind 


...do 

do 


13 


do 


17 


Hand 


do 


do 


29 


do 






do 


do 


11 


do ... 


53.00 


11.00 

.'i.OO 

158.00 

40.00 


do 

do 

do 

do 

do 


...do 


11 


do 


do 


11 


Wind 


50.00 


do 

do 

' Stock 

Dom ; Bt - 


16 


Swind 


12 


Ha»id 




10 


14 wind 




do 


8 


Hand 


22.01) 
8. HO 

TS.iM) 


4.U) 
3.50 

5(UJ6 


do 


do 





do 




do 


12 


14 wind: hand 


Good 


... do ... 


8 


Mwind 

10 wind 


do 

'.... do 

do 


-. do 

. ... do 

do 


12 
11 


Hand 




tJ.(X) 


14 


Wind 




do 


...do 


2H 


Swind 


58.00 
42. U) 


r».ittV 

150.00 
(> 00 


-. - do 

1 do 

.... do 

... do 

(\n 


... do 


38 


. ..do 

12 wind 


-. do 

.. do 


16 
14 




-do 

Dom 


94 


do 




40 


do 


.._ ..i do 


Dom ; st 

1 Dom 

■ Dom: irr 


54 


do 


.55.00 
2,000.00 


1 7.o») 
' "4 (V) 

'lO.OO 


do 

488. Hao gallons 

Oood 


19 
14 


Hand 


Dom: 8t 


12 


Swind 


'SiJ¥i 


-- -do 


do 


16 



»» Flows. 



\ 
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»„. 
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inffs eountiea — Continued. 



•thod of Uft. 



d 

lo 

irblne. 
d 



nd 

d . 

io. 

lo. 

lo. 

Dd 

d . 

lo. 

lo. 

lo. 

lo. 

lo. 

d.- 
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lo. 
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lo 

lo 

d; hand 

lo 
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d 
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lo 



d 

lo 

lo 

lo 

lo 

io 

Bsian 

d 

lo 

lo 

lo 

d; hand 

d 
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d 

lo 



io. 

nd 

d.. 

io. 

lo. 

lo. 

io. 

io. 



(•) 



d. 
lo 



id.. 

do. 

do. 

do. 

nd 

id.. 



CoBtof 
welL 



3S.00 



fiO.OO 
21.60 
20.00 
09.00 



CkMtof 
ma- 
chin- 
ery. 



1^! 



25 

00 



31.50 
5.00 
3.25 
6.00 
3.00 

53.00 



106.00 
17.00 
17.00 



30.00 
60.00 
28.60 



90. (N) 



28. a) 
65.00 



16.00 
20.00 



1,333.00 



41. (JO 



33.00 



18.00 



30.00 



97. 00 



4.00 
4.50 
4.00 
4.00 
4.00 



4.00 
3.25 
4.00 



Supply. 



Oood. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

.... do 
Small 
Good. 

do 

do 

...do 
do 



8.00 
3.00 
4.00 
4.50 



4.(X) 
4.00 
3.00 
4.00 



4.00 



3.00 
3.00 



4.01) 

65.00 

3.00 



4.00 
4.(N) 
4.00 
3.00 
4.00 
6.00 
4.01) 
3. 50 
3.00 



Good 

...do 

5. 789 gallons . 

Good 

...do 

. .do 

.. .do 

...do 

do 

...do 

...do 

...do 

...do 

.. .do 

...do 

. ...do 

I do 

I do 

I do 

I do 

I 482 gallons . . . 

I Good 

do 

do 

do 

do 

.. ..do 

.do 

Good 

... do 

... do 

32. 166 gallons 
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Good 

...do 

...do 

... do 

...do 

...do 
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Good 
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3.50 



3. W 
3. ()0 
3. rd) 
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6. i:)3 gallons 
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Good : . . 

do 
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do 

do 



Use of water. 



Dom 

Dom; St.. 
. ..do...- 
.. ..do.... 
...do.... 
...do.... 
....do.... 
....do.... 

Dom 

....do.... 
...do.... 
...do.... 
...do.... 
Dom; St.. 

Dom 

Dom; St.. 
....do.... 
...do.... 
...do..-. 
...do.... 

Dom 
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11 
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9 
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13 
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11 

11 
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12 
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Kings coun^ie^— Continaed. 



Method of lift. 


Coat of 
wea 


Coet of 
ma- 
chin- 
ery. 

$24.00 
4.00 
3.50 
4.00 
6.00 
4.00 


Supply. 
Qood 


Uwj of wat<*r. 


i. 

r 

3 


iand 


r>mn : at. _ 





..do 




do 

do 

.do 


Dfim 


8 


..do 


$21.00 


do 


12 


..do 


11 


iorse 


00.00 


do 


Dom; St 


11 


[and 


:....do 


do 




.do 




do 


.. ..do 


19 




Itt.OO 




do 


do 


19 


[and 


6. (10 
3.50 
8.00 
8.50 
3.00 
3.00 
3.00 


. .. do 


4o 


29 


..do 


61.00 


do 

. ...do 

do 

do 

Small 


... do 


18 


..do 


. do 


10 


..do 




Dom 


11 


..do 


12.00 


Dom; 8t 


12 


..do 


Dom 


12 


..do 




Qood 


Dom; Bt 


12 


rind 




....do 


. do 


11 


[and 


23.50 
88.00 


3.50 
4.00 
4.00 
3.50 
3.50 
8.00 
3.00 
4.00 
38.00 
4.00 
3.50 
3.00 
3.50 
3.50 
3.50 
6.00 
6.00 
4.00 
4.00 
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Dom ..,.,„-...,. 


12 


..do 


do 
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12 


..do 


do 

do 


. ...do 


13 


..do 


14.00 
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..do 


do 

. do 


do 


36 
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. do 


14 


..do 


14.00 
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28.00 
26.00 
36. (JO 
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.. . do 


. . do 


10 
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do 


do 


11 


wind 


do 

.... do 


. do 


11 




Dom . . , 


18 
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.... do 


do 


10 


..do 


do 


.... do 


10 
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do 
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Dom 
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do 
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do 
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10 


..do 




... do 


9 


..do 




4.50 


... do 


.... do 


10 






. . do 


.... do 
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[and 




3.50 

2.75 

2.75 

30.00 


.... do 


.. . do 


11 


..do 




. . do 


Stock 


10 


...do 




do 


Dom ; st 


19 


Jwlnd 


31.00 


do 


I>om -...-- 


8 


rind; hand 


do 


Dom; st - 


10 






3.50 

"'3.'.50' 
4.00 
4.00 
3.00 

350.00 
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6.00 
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3.50 
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5. 00 
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rind; hand 


27.00 


Small 


29 


..do 
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do 


14 
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Dom 
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..do 


20.00 


do 
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40 
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do 


Dom - 
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....do 


Dom: st 

do 
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do 


141 
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30.00 
40.00 
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Qood 


do 


14 
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... do 


30 
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. .do 


14 


..do 


do 
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16 
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do 


.... do 


12 


Hnd 


do 
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12 
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Dom 


14 


...do 
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.... do 


Dom; st 


14 


...do 
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8 
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12 
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do 
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do 
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12 
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\ do 

A eio 


\ ^N 


...do / 



''On higrher ground. 
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d Kings coun/ies— Continued. 



Method of lift 


Coat of 
welL 


Cost of 
ma- 
chin- 
ery. 


Supply. 


Use of water. 




Hand 


$28.00 


13.60 
8.00 
3.50 

50.00 


Good 


Dom 


10 


do -. 


do 


Dom; St.. 


8 


do 


17.00 


do 


do 


18 


8wind 


do 


do 


11 


12 wind; hand 




do 


do 


9 


Hf^nd . 


22.00 
00.00 
14.00 


4.00 
4.00 
5.00 


.... do 


Dom ...... 


8 


do 


do 

do 


do 


10 


do 


Dom; st..... 


11 


do 


. .. do 


do 


S3 


do 


27.00 




do 


I>om , 


18 


do 


3.00 
2.25 
5.00 


do 


..do 


21 


do 




do 


. ..do 


12 


do 




do 


Dom; st...... 


31 


do 




Small 

Gkx>d 


Dom - 


60 


do r-"" ' 




4.00 
3.26 
3.25 
3.00 
2.25 
3.25 

"5."o6' 


do 


16 


....do . ... ...... 


40.00 
22.00 
60.00 
40.00 


do 


Dom; st 


11 


do 


do 


Dom 

Dom ; st 


8 


do 


do 


80 


do 


do 


do 


10 


Hand: wind 


do 


do 


10 


Hand 


56.00 


Small 


do 


12 


.. .do 


Good 


do 


48 


14 wind: hand...... 




do 


Dom 


16 


Hand 




3.00 
3.50 
3.50 

6.00 
3.50 


.... do 


Dom ; st - 


28 


8 wind 




do 


do 


8 


Hand , 




do 


do 


12 


do 




do 


do 


20 


do 




do 


do 


16 


do 




. .. do 


do 


46 


8 wind 




41.00 
5.00 
2.25 

3.50 


do 


do 


128 


H»iTid . . . 




Smftll , 


do 


226 


do 




Good 


Dom 


» 


do 




do 


Dom: st 


18 






...do 


do 


14 


Hand 




3.50 
6.00 

20. OJ^ 

2.75 

4.75 

114.00 

50.00 
3.50 


...do 


do 


12 


...do 


40.00 


do 


Dom 


8 


do 


do 


Dom; st 

do 


14 


. .. do -. 


64.00 
30.00 
34.00 


.. do 


17 


do 


do 


do 


9 


8 wind 


...do 


do 


12 


do 


do 


Stock 




Hand 




do 


Dom 


11 




1,500.00 

1,25(100 

45.00 

1,900.00 




Dom; st; irr 


13 








do 


12 


Hand 


12.00 


Good 


Dom 


15 


Artesian 




Dora; st; irr 


15 


HAnrI 


2.25 

35.(1) 

2.5(J 


Good... 

do 


Dom 


27 


8 wind 




Stock 


17 


Hfina 


30.00 


do 


Dom; 8t 


20 


14 wind: band 


do 


do 


18 










Stock 


13 


Hand 


23.00 


3.00 
3.00 


Good 


Dom ; st 


19 


do 


do 


do 


12 


do 




do 


Dora -- 


11 


do 




3.00 


do 


Dom: st 


11 
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so STOKAGE OF WATKB OJX KINGS BIVSB, CAL. (vaK 

111 1SS2 Mr. C, K. Griinnky, then an assistant in the California State 
(Mi^^iiK^eriuK drpartnient, inacle a careful study of the Kings River 
whUm' supply. In 18t)K ht* made a further study of the district fortlie 
hytlrogniphic division of the United States Geological Sur>'ey, the 
results of whi<'h an' publisheil as Water-Supply and Irrigation Papsr 
No. IS, which has previously Iwen referred to and from which the 
fallowing <'x1ra(*ts n'^anling the ground water are made: 

In no other irrigated region in California la the effect of irrigation on the eleva* 
tion of the water table ho plainly apparent as in the vicinity of Fresno. H«% 
notwitlistanding the feet per mile slope of the surface of the country, the nb- 
Boils have l.'een and are being gradually saturated with water. When irrigatioi 
coiuiiienced the lobs of water from canals in transit to lands to be irrigated wji 
very great, and after reaching its destination it was fomid that frequently enooglh 
water was put upon the surface of individual small tracts of land to have oovend 
them to an average depth of* 15 to 20 feet in a season. Most of this water fomd 
its way into subsoils, together with the direct loss of water from the ctiiii& 
When the first wells were dug at Centerville water was found at about 20 foet 
It is now at 10 to 15 feet lielow the surface, and will probably not rise mueh 
higher on account of ample drainage of subsoils and a comparatively free sabmr 
face How toward the low river bottoms. [The same in 1900.] 

Along Fancher Creek, where the creek is used as a canal, ground water mi 
formerly at 50 to 75 feet below the surface: it is now at 13 to 20 feet along tte 
upi)er portion of the creek, and still nearer the surface near the former sink 
of the creek, about 4 miles east of Fresno. In the Eisen vineyard. 5 miles etrtof .■ 
Fresno, ground water is at 4 to A feet below the surface, and drain ditches hxn 
l)e(*n conHtructeil to prevent a further riHC. Qround water is found at 4 feet 
^*low the Hurfaco in many parts of Temperance Colony, Nevada Co]<niy. iind 
Fresno and Central colonies. Throughout a considerable area near Fresno id 
snrface is nowhere more than 16 feet below ground, though before irrigation cooh 
inenced depth to water was 00 feet. Cellars which were in use until 18M ni 
Fresno have been condemned bt-canse ground water made its appearance in them. 
Near Selma and Kingshurg grcmnd water was formerly foundtat about '*)!) feet 
It is now at about 15 feet. [It was at 12 feet in 1900.] The so-called **SsDd 
Hollow," which is a depression 100 yards to one-fourth of a mile wide, 12 mito 
lon^, and alxmt Ml feet deep, having a southerly course, and x>assing alH>nt mid- 
way between Selma and Kingsburg, was formerly as dry as the surrounding pUin* 
Alrout \xxO the soil in its bed was found to retjuire less moisture to produce cropi 
than the adjacent plain; in 1885 water appeared at the lowest points of the bed, ] 
and in June of that year it had risen to the heads of ripening grain. Spots d \ 
black alkali now mar its bed and sides, which before were a light sand, apparently * 
free from any excess of alkaline Baits. 

Near Sanders and at x)oints eastward from there toward Kings River groand 
water was at 50 to (K) feet before irrigation commenced: it is now at 20 to i)0 feet 
Here, as in the case of Centerville, proximity to the river, which lies 60 feet beloW 
the surface of the plain, may interfere with a much 'greater rise of the KTonnd- 
water plane. 

In connection with this change in the elevation of the ground- water plane, it 
must be remembered that the effect of irrigation extends far beyond the pointa 
now Tinder ditch. Owing to the slope of its surface and consequent hydrostatic 
pressure, ground water lias a slow but certain motion westward through pervioo* 
subsoils of the Fresno region, and may therefore ultimately contribute more of 
less toward the flow of Fresno Slough and San Joaquin River. 

At the tim«3 irrigation commenced near Fresno the soils and subsoils were dry? 
depth to fn*ound wiiter was 30 to 60 feet. The ground was porous, generally sandy- 
sometimes very hard on the surface. Wheu wet it was converted into a bo^- 
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Vater passed throagh it readily into the lower strata. Thoroagh wetting com- 
lacted the soil and it was less liable to conversion int^) slush after the first and 
econd iR'ettinga than before. It settled, as a result of the first wetting, abont 8 
nches to 1 foot, on an average.^ Sometimes the full supply of a ditch would flow 
or hoars into a hole formed by the breaking in of the surface. Cavities 20 feet 
n diameter and (S to 10 feet deep were occasionally formeil in this way, an<l had to 
w refilled after the first wetting. The stability of buildings wan in danger when 
irater was first brought near them. It is not suri)rising. under these circnm- 
(tances, that when irrigation commenced in this region sometimes enough water 
iras run on small areas at one irrigation to have covered them 5 feet in depth, and 
:hat enough water was delivered to some of the 20-acre colony lots south of Fresno 
to have covered them to an average depth of 20 feet. After irrigation was prac- 
ticed for a time the soils became more compact, absorbed water less rapidly, and 
i smaller amount of water passed into sulxsoils. At present the ground water near 
Presno is so near the surface that the roots of alfalfa, vines, and trees readily \>eii- 
Btrate to it and soils are kept moist by the water rising from below. Surface wet- 
fcmg has become unnecessary in many sections. 

By the rising of the ground water plane near Fresno large tracts of land have 
been x>ermanently moistened. Some are very thoroui^hly siibirrigated, and in 
many instances injuriously so. Relief must be sought in some localities either by 
drainage or by proper regpilation of the supply of water to the district whereby 
the elevation of the water table may be controlled. 

Without attempting to express in detail the acreage irrigated i>er cubic foot per 
second of (*anal capacity or actual flow of water, it may be noted that the total 
volauie of water brought to the vicinity of Fresno during the seventeen years 187!) 
to 1896 would at a very low estimate have covered to an average depth of abont 
0.8 foot per annum the entire 360.00<) acres of the region through which the canals 
send their branches. It would have covered the 50,000 acr. s to whose 8urfac<' 
water is actually applied to an average depth of 4.) feet per annum, or to a total 
depth of 75 feet. Some of this water hiis of course been consumed in sustaining 
plant life, more has been evap )rate(l, but the most of it still permeates the subsoils 
of the irrigated region and of the lands to the west. 

PL XXVI shows the it^gimen of tlu* water plane' near Hanfonl as 
determined by Mr. Grunsky. 

A study ha« been made of the amount of wat<ir that has ]H»en used 
for irrigation on the Kings River delta during the last fiv(» y(»ars. It 
has been a.Hsumed that 4,(K)() seeond-feet of water (the aggn^jrate ells- 
charge of the canals), when available from tlu* riv(M-, wen^ diverted 
between March and October, inclusive, and that during \\w remaining 
four winter months 2,000 second- fc^et, when availabh» from tlio riv<»r, 
were diverted for irrigation. From the tables of daily flow the fol- 
lowing results were obtained, on the foregoing basis: 

EKtimated HCtuonal diversion for irrigation from and sensonal flow of Kings River. 



Season NovemlKT 1 to Octoljor 31. 



IWH-W.. 
UM-19Q0 



FiTe-yoar mean . 



SoaAOHHl 

irriKAtion 
diversion. 


Total flow. 


Acrv-fevt. 
i,(»7C),«K) 
l.lW.Wll 

1,(BS.158 


Acrt'-fi-rt. 

1.227.217 
1,2K1.051 


l.(J38,nO 


1.465.130 
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Probably one-fonrth of the amount diverted is lost by seepage f 
the main canals and their laterals. Prof. L. G. Carpenter, of 
Colorado Agricultural College, found that on Cache la Poudre R 
30 per cent of the water that was applied for irrigation returned to 
river below by seepage. Still larger percentages have been fo 
in Utah, and the writer personally knows that similar conditions e 
on Gila and Salt rivers in Arizona. If one-third of the remair 
water applied on the fields for irrigation sinks to the water plane, 
have a total seepage volume from losses in transit and from irr 
tion of 511,85b acre-feet annually. This great volume of groi 
water undoubtedly has a slow westerly movement in harmony with 
surface slopes. This is indicated by the fact that there is a mar 
annual fluctuation in the elevation of the water plane, it being fi 
2 to 4 feet higher about July 1, after the heavy spring irrigati 
than in October, at the end of the season's drought. If a pump 
system were put in to draw upon this water plane for irrigation { 
poses, a portion of the water pumped would be lost by evaporati 
but probably one-third would return to the water plane. Thui 
300,000 acre-feet of water were pumped the permanent withdra 
would he not more than 200,000 acre-feet, and the annual sup 
would be from two to three times that amount. 

From the foregoing facts it is believed that a supply as greai 
30(),(XK) acre-feet can be obtained with certainty by pumping fi 
the water plane of the Kings River delta. 

The annual replenishment of the ground water is briefly discus 
(pp. 87 to 88) in the accompanying report of Mr. Lewis A. Hicks 
the generation and transmission of electric power and the installat 
of pumping plants. 

As there is a heavy loss in the diversion canals, as this loss incre* 
with their length, and as the general movement of the ground wf 
is with the slope of the country in a southwesterly direction, i 
believed that the best location for the pumping plants is near 
lower ends of the canal lines and at the westerly portion of the i 
gated lands. If located there a portion of the loss from the cai 
would be obviated, owing to their shorter length, and at the sj 
time the pumping plants would have an ample water supply and 
lift for the pumps would be slightly less. If the pumping plants y 
located near the upper end or the center of the canal lines they wc 
probably draw directly from the canals water which otherwise w( 
flow to its destination by gravity. 

ALKALINE CONDITIONS. 

The water of Kings River is almost chomically pure. Its alkali: 
is negligible. The alkali encountered in the valley comes from 
soil, largely from a calcareous hardpan which is found in some lo( 
ties. In rising the water plane reaclies Wie>pou\\>^\v<iT^ <ia^illary ac 
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Lually draws water from below and evaporating leaves praeti- 
all of the dissolved salt on the surface of the ground. Anytliing 
will lower the water plane will tend to the reduction of surface 
li. If the voids in the soil be taken as one- third of the mass and 
1,000 acre-feet of water are removed each year, then 600,0(K) acre- 
lOf soil are drained, equivalent to a depth of 2 feet over the out in* 

itedarea. It has previously been shown that this amount will bo 

ipplied from the river. Nevertheless the tendency of tht^ puinp- 

iplants would be to prevent the water-logging of the land and its 

lity. As the amount of pure river water that is added to the 

6r plane each year is greater than the amount of water that would 
tpumped and partially evaporated, the tendency would be to continu- 

dilute the salt in the ground water. It is believeil that the alkali 
idwised by the rising water plane, and it is likely that one of tiie 

acipal provinces of the pump in the future will be to fight Alkali by 

ig down the water plane. 
Mr. Thomas Means, of the Division of Soils of the United States 
tment of Agriculture, has personally made a study of alkaline 

editions of the soil and water of the Kings River delta, lie has 

potedagreat deal of time and thought to the general study of tlu^ 

Wl problem, and his views are very valuable in considering this 
■bjwt. He has kindly furnished the following for use in this leport : 

Tbe salt content of the waters near Freeno has been plotted. No marked lines 

^»0€8of underflow were fonnd. The wells with the greatest amount of .solids 
»♦ however, to be in the alkali area and along the lower part of the valU^y. 
«e wells in the portion of the valley north of Fresno are generally of lower salt 
[MtteDt than the weils soath of Fresno, yet an occasional well with a salt content 

■kigh as from 15 to 20 parts is f oand. 

^ water table nnder the Fresno Plains before irrigation was commenced aver- 
! "N from 30 to 120 feet below the surface. At present the average dei)th to stand- 
■l*»ter in the Fresno area is abDut 10 feet, and during part of the year the level 
*'abont 3 feet. Much of the area south and east from Fresno has the water 
■Jj^ataboutfi feet, and dturing part of the year this level rises to within 2 or :i 
''^''fthesnrface. The Hanford area of Mussel Slough country has the level of 
•j^^Jng water about 8 feet below the surface of the ground. [See PI. XXVI. ] 
''""'^g the winter the level of this standing water rises about 4 to G feet, so that 
'**'* great deal of the country the water table is within from 2 to 4 feet of th(^ 

. *^ Here the salt content of the water is greater than around Fresno, aver- 
^gabont 20 parts per 100,000, while a few wells contain over 100 parts per 

T^saltcontent of the water of Kings River is about 8 parts per 100,000, tlio most 
^°*ch is lime carbonate. The scheme proposed for the irrigation of the desert 
r^of the area with the water pumped from below the land st^ms perfectly 
j**>w to me and should, from the way I reason, lessen instead of increase tin* 
"^"«with alkali. There is but one source of addition of alkali to the country, 

*. the water which is taken out of Kings River for irrigation. This water is 

P^ and the salts which it does contain being lime salts arc a benefit rather 

* detriment to plant growth. For all practical purposes the only alkali 

*^^li we have to deal is the alkali which is at present in the soil. 

«li salts to be harmful to vegetation must be concentrated within the top 2 

'^■oil. Buried below this depth, or if evenly diatributed tbiou^h the soil in 
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quantities not greater than 0.4 per cent of the dry weight of the soil, no tronUeii 
ever experienced in raising ordinary farm crops (except in the case of the carboniti 
of soda or black alkali, which is harmf nl if present in qnantitiee greater than 0.1 
pel cent). If the alkali be allowed to accumolate near the surface of the ground 
the roots of the plants are unable to perform their proper functions and the plant 
suffers, fails to ripen the fruit or dies. 

There is a difference in the rate of upward and downward movement of tbs 
alkali salts. Experience has shown that the alkali salts move upward more readily 
than the same salts can be carried downward. This is because the upward moTe- 
ments are entirely capillary and the film around the soil moves, while the downr 
ward movement is largely gravitational and through the larger pores so that the 
film movement is small. This explains the reason why it is that even after laige 
quantities of water are applied to a field of alkali salts may yet come to the surface. 

Since alkali rises mainly by virtue of the capillary movements of the soil moistore, 
the capillary powers of the soil and the depthato standing water are the controlling 
factors of the rise of alkali. By the capillary power is meant the rapidify with 
which the moisture will rise within the soil. A heavy clay soil will raise watff 
by capillarity much higher than a sand or silt soil, but the rate with which the 
water is raised 4s so slow that the soil is said to be of low capillary powers. In the 
same way a sandy soil, although the capillary rise is rapid, the height to which 
the water rises is not ^eat, and the soils are said to be of low capillary powers. 
Silt soils, soils composed of very fine sand, and loam soils with a medium per- 
centage of clay are generally classed as soils of great capillary power. The alkali 
soils of the San Joaquin Valley are almost without exception soils of great capil- 
lary power. Other soils of the same area which had all the conditions necessary 
for the a(*.cumulation of the alkali salts at the surface, except the fact that the soils 
were of low capillary power, are to-day free from accumulation of alkali. The 
Fresno sandy loam, or white ash land as it is locally known, is of great and rapid 
capillary x)ower. The greater part of the land has been injured by the alkali 
which it contained. On the other hand the Fresno white sand, which is found 
typically developed on the plains around Caruthers and which is of low capillary 
power, although it originally contained within 10 feet of the surface as inoch 
alkali as did the white ash laud, is very seldom found troubled VTith alkali. 

The second factor in the accumulation of alkali is the depth to standing water. 
So long as the level of water does not come closer than 4 or 5 feet from the surface 
of the ground, i)ractically none of the soils will become alkaline if cultivated. 
The reason for the accumulation of the alkali in the colony lands south of Fresno 
is that during part of the year the level of standing water comes so close to the 
surface as to permit continual upward movement and therefore ra])id accumula* 
tion of the salts. White ash lands around Selina are found very fertile and give 
large returns whore cultivated in fruit, yet an examination of these lands has 
shown that they contain within 10 feet of the surface as much alkali as do some 
of thealkali soilssouth of Fresno. The difference is this: the level of standing water 
at Selma never comes close enough to the surface (never closer than 6 feet) to per* 
mit rapid upward movement of the water. The consequence is that the salts 
either remain in the deeper subsoil or aie distributed throughout the 10 feet. ^^ 
ever the level of standing water around Selma is allowed to raise to within 3 or 4 
feet of the surface, large areas of now fertile lanil will be rendered barren. 

In this resi)ect the scheme proposed for pumping promises to be of great assist- 
ance in the prevention of the further extension of the area of alkali land, but i* 
promises also to be of great assistance in the reclamation of the lands already 
damaged. The pumps will be most active at the time the water table is ordin*' 
rily highest, and the amount of water taken from the soil will probably either pr<^ 
rent this rise or lessen its height. There is no v\vLVia.tiou that if this annual rise oi 
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e water table could be prevented and the level of the water kept at its lower 
dtion the reclamation of all but the lowest of the alkali lands would be possible 
ithout a great and expensive system of drains. 

Now the (question is: Would the continned use of the water which lies below the 
nd so concentrate the salt that it would in time contain too much salt for plant 
rowth? My opinion is that it would not. Ton would be continually drawing 
le water from the depth of say 50 feet and applying the water to the surface of 
le ground. Part of this water would be evaporated, part used by the plant, and 
irt would drain away to the rivers. The remainder would remain in the ground, 
at it would be continually diluted with the water which escapeH from the irriga- 
on canals and from irrigation and which now causes the annual rise of the water 
ible. The absolute amount of alkali would diminish instead of increase, for the 
lants would take up some of the salts and another part would drain away into 
lie country drainage. The concentration of the water would probably increase, 
fut, as I have said before, I think the dilution of the irrigation water taken from 
he river would prevent this. If the water is drawn from a depth of 50 feet there 
le 15 feet in depth of water to be pumped before the same water is used the second 
ime. Under ordinary pumping irrigation ten years would be required to effect 
his. and during these ten years sufficient water would have filtered in from the 
^▼ity irrigation around and above to dilute this salt. Moreover, at seasons of 
my high flood the soils could be irrigated with Hood water at a slight expense, 
dnoe the greater part of the country has been ditched. 

Most of this applies directly to the Fresno country. Around Hanford the con- 
ations would be slightly different, for here the rise in water table takes place in 
the winter; yet I can not see where this will affect the problem. 

To sum the matter up, I think the result of pumping, if the pumping be car- 
ried on only to such an extent as to move the water which is now lost by seepage, 
would be to improve the conditions rather than to increase the trouble from 
ilkalL The water table would be lowered sufficiently to permit the washing down 
of the alkali salts, and the salts, instead of being confined to the surface layers of 
the soil, would gradually be distributed throughout the 50 feet of soil, and by this 
dilation rendered harmless. The lowering of the water table would be of the 
greatest assistance to the reclamation of the lands alre^idy alkaline, and would 
probably permit this reclamation without extensive under-drains. 



GENERATION AND TRANSMISSION OP ELECTRIC POWER AND 

INSTALLATION OF PUMPING PLANTS.^ 

INTRODUCTION. 

The generation of power from the waterfalls of the high sierras 
flanking the wide expanse of unused yet fertile lands which form so 
large a part of the broad San Joaquin Valley, and its utilization, 
through electric transmission, for pumping the irrigating water sup- 
ply in the valley, is a subject which fascinates the physicist as an 
example, on a large scale, of the conservation of energy, and it does 
not lose in attractiveness when considered as an engineering possi- 
bility quite within the range of known experimental results and sus- 
ceptible of exact statement as to the cost of developing and producing 
continuously a unit quantity of water. 

Several years ago the wnter pointed out that the high load factor 
(the ratio of the average to the maximum load) which could be real- 
ized in the operation of a power plant handling a purely pumping 
load would reduce the cost of pumping sufficiently to make this 
method of water development economically possible, and as the result 
of the present investigation it is apparent that the I'equired invest- 
ment piM' acre- foot produced compares favorably with the cheapest 
surface-eat<»hment projects, and that the annual cost of operatiuf 
would be less than by any other method of extending the water sup 
ply, provided it is deemed advisable to operate the plant continuous!; 
t hroiijj:hout six or more months of the year. The very complete phys 
ical (lata which are available from the surveys, stream meiisurements 
and photograpiis taken have made it possible to study the problei 
in detail. It falls naturally into three subdivisions: (1) The poss 
l)ility of power development on Kings River depending on the fa 
an<l minimum run-off available within reasonable limits of condu 
liMigth; (l*) tlu» cost of generation, transmission, and application ( 
Huni(M(Mit pow(»r to pump 1,000 acre-feet of water daily for the irrigj 
lion of lands betwcHMi Fresno and llanford; and (3) the possibility < 
<l<n eloping that amount of water continuously from tiie gravel stora^ 
of tile alluvial eone of Kings River. 

POWER AVAILABLE. 

The site seleeted for \\w power house is at the junction of the Sout 
mihI Miihlle Corks of Kiii«,rs River, at an altitude of 1,980 feet. Tl 
HiNersinn planned is from the Middle Fork, through 14,000 feet < 
rniiliiiuous tuiitiel, with working adits at frecpient intervals, delive 
inr a nuiAitnuni (low of ISO set'ond-foet at the iM'ustoek, which is GJ; 

Irel ahn\e thr water wlie<^Is. 



• U«'I>oi t ot L«'wiM A. Hicks. 
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The watershed tributary to this diversion contains an area of 325 
square miles and rises to an altitude of 14,0(X) feet. The least mean 
monthly run-off during the last five years, which were years of drought, 
occurred in September, 1898, when the Red Mountain gaging records 
indicate an available mean flowage at the Middle Fork divei-sion of 85 
second-feet. Following is the mean monthly minimum flow during 
these five years: 

Mean monthly minimum flow of the Middle Fork of Kings Rii^r, 

September — ft<'cond-foet. 

1896 206 

1897 138 

1898 ^5 

1899 90 

1900... 126 

In each year the minimum month wjis September. During the r<»st 
of the year the available flow was never less than KM) cubic feet per 
second, a quantity suflicient to generate the full load output (M)nt<Mii- 
plated. The recurrence of extremely dry seasons at more f riMpicnt 
intervals than ten or fifteen years is not probabh? and does not prop- 
erly constitute a limitation of the plant to be installed. 

ANNUAL REPLENISHMENT OF GROUND WATER. 

A study of the water supply avaihible for pumping, whicli has bc^en 
fully considered by Mr. Lippincott, shows it to be ample to furnish 
the maximum of ^328,500 acre-feet required annually by the puiii[)iiig 
plants, and the supply will pwbably be much in excess of the demand. 

Experience in Kern County, on a scale relatively as great, shows 
that the water plane is maintained, notwithstanding continuous pump- 
ing, where the wells are in proximity to gravit}' canals, and that wliile 
the plane of saturation is lowered during seasons when the canals are 
deprived of water it soon regains its former level when the use of the 
canals is resumed. 

A careful study has been made of the data acquired by the extensive 
observations of the existing water plane in the Kings River delta, as 
n^vealed by more than 8(X) wells, supplemented b}' information given 
1>.V well borers familiar with tlic district. The average wells for 
nriirating purposes have a log similar to th<^ following: 

Representatire log of trells hi Kings lUt^er delta. 

Feet. 

Sou.... .. - 7 

Hardpan or clay - 2 to 8 

Coarse sand 10 to "iO 

Heavy clay - . . . 30 to ()0 

Coarse sand 4 to 

1'he first layer of sand is gonc^rally found to be alkaline and is ciised 
^^*t» dependence being [)la(*('d on tlio s<MM)nd stratum of sand, from 
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which the snpply is dravm through the open bottom of the casin 
Under pnmping such wells at first discharge considerable sand, cret 
ing aronnd the easing a cavity of sach dimensions that the enteni 
velocity of the water is reduced to a point where its transportii 
power is lost. Where the clay roof is suflKciently thick to preve 
caving these cavities may become very large and the capacity of tl 
wells be proportionately increased. A formation of this character 
therefore exceptionally favorable to the development of large qnantiti 
of water. 

The storage capacity of the area affected by the annual infiltratic 
above the level t^ which the water plane might be reduced by conti 
nous pumping is not less than 2,000,000 acre-feet. 

In the light of experience and of the data presented regardii 
storage capacity, rate of replenishment, favorable formations encoui 
tered, and the reabsorption of a part of the water pumped, tl 
writer believes it entirely conservative to say that the quantity ( 
water estimated upon in this report can be continuously develop€ 
from the gravel beds of the Kings River delt^ by the methods outlinei 

PLANT PROPOSED. 

While the limits of this report make it necessary to omit many ( 
the details, the general characteristics of the designs will be state 
briefly before summarizing the estimates. The figures used for coi 
of intake, conduit, roads, bridges, and trails were prepared from pn 
liminary surveys, and appear to the writer to }>e amply large to cov( 
any probable modification of design or location. A description ( 
the rest of the plant follows in order, from the intake to the pump 

SAND TRAPS. 

Ordinarily the water is very clear and carries but little silt. Pn 
vision has been made, however, for trapping the granitic sand whic 
is present in all streams of the upper sierras during the spring fresl 
ets, while the snow is melting. The saving effected in the erosion ( 
wheel buckets and nozzles justifies this expense. The normal condu 
velocity through the traps for full-load conditions has been reduce 
to a little more than 1 foot per second, and at the penstock th 
transverse velocity will be less than 0. 5 foot per second. This has bee 
cheaply effected by locating the structure in one of the small latew 
drainage lines intersected by the tunnel alignment at grade, an 
diverting the drainage around the open cut by means of a sma 
training wall. Movable flashboard will make it possible to flus 
the settling chamber withou interferi wit! the continuous flow ( 
the conduit, and a by- pass wii equaliz the pressure on the flasl 
boards. Flushing may be continuous when water is plentiful, an 
be intermittent or cease entirely when the flowage is less tha 
required. A waste weir is provided tor r^^wVaWou «a!l^ toT use whe 
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t is desirable to shut off entirely the flow from the i)enstock. PL 
OVII shows a longitudinal section, plan, and transverse section of 
.he sand trap. 

PENSTOCK. 

As designed, this structure is divided into three bays, from <^ach of 
irhich a pressure pipe is taken out. The bays can l)e separated by 
lashboards placed in grooves in vertical buttresses, and the pressun^ 
;>ipe8 can be shut off by stop boards between the buttresses. Tlu^ 
lUnnel enters the penstock in the center bay. The surface elevation 
>f the water in the penstock can be regulated by stop boards between 
tihe portal buttresses. An overflow weir is provided to carry tlie 
maximum flow of the conduit when all outlets below are closed. Sec- 
tions of the tunnel and wasteway and plan of the penstock are shown 
in PL XXVIII. * 

PRESSURE PIPES. 

The three pipe lines are designed to be 30 inches in diameter, of 
steel plates riveted in place, with full-load velocities of 7 feet per 
second and an effective head of GGO feet, requiring a flow of 100 
cubic feet per second to generate the rated output of the dynamos. 
Each pipe is equipped at frequent intervals with air valves of large 
area. The pii)es are to be placed in a trench to a depth of half their 
diameter, anchored to rock in situ, and covered with rough rubble. 
A concrete thrust block is provided at the foot of each pipe, which 
tapers from a diameter of 30 inches at the thrust block to 18 inches 
at the gate valve (18-inch) in the power house immediately back of 
the nozzles. Each pipe feeds to a single generating unit, with 
practically no curvature in reaching the wheels. In case it is neces- 
sary, however, to feed two units fi-om any one of the three pipe lines, 
this can be accomplished through a' 30-inch by-pass connecting the 
three pipes back of the thrust blocks and not shown in the drawings. 

POWER HOUSE. 

In designing such a structure the endeavor should be to obtain, as 
cheaply as possible consistent with long life and utility, a safe and 
convenient assemblage of the necessary apparatus in such a manner 
that all working parts of the plant shall be easily accessible for repairs 
and that possible future extensions can be made in conformity to the 
same general plan, also to concentrate the machinery, so far as is 
consistent with safety, in order to minimize the expense of attend- 
ance. This has been the aim in planning these works. 

The power house, as designed, is shown in plan, side elevation, 
®nd elevation, and transveree section in PL XXIX. It is believed 
that the intense summer heat justifies the substantial character of 
the design and that the use of the granite country rock will be 
^ilieaper than any alternative material offering results equally satis- 
IRR 58—02 8 
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factory. Thorough ventilation will be obtained through louver opt^n- 
ings in the roof riclge and by exhaust fans connected with the cool air 
in the wheel pits. 

The pressure pii)cs and exciter branches are l>elow the level of the 
swit<rh-l)oaixl floor, obviating the use of short goose necks on the main 
units. The tailraces provide a straight outlet for the waste water in 
direct line with the axis of th(» pressure pipes and offer head room for 
repair work und(»r the wheel mounting. Work can be done on either 
unit without interference with the operation of the rest of the plant. 
Wire conduits for the leails from the generators to the low-tension 
busbars and exciter circuits are designed with ample working dimen- 
sions. The reasons for the arrangements adopted will be taken up 
in connection with the several classes of apparatus to which they 
appertain. 

Hydraulic equipmeiit, — As designed, the water-wheel centers are 
mounted on the shaft on which the revolving fields of the gtMierators 
an^ carried, dispensing with an intermediate coupling, and are fitted 
with interchangeable single tangential buckets. The shaft is carried 
in three bearings of the usual ring-oiling type. The wheel housings 
part horizontally at the axis of the shaft, permitting easy access to 
the entire wh(^el. The nozzles are interchangeable, equipped with 
deflecting hood actuated by means of rocker shaft and links from 
a Lombard governor belted to the generator shaft. The nozzles are 
also provided with a needle valve for hand regulation if desii*ed. 
The exciter units, two in number, are connected directly to their 
respective water wheels, either being of sufficient capacity to provide 
exciting current for two generators. The exciter tailwater will dis- 
charge into the main tailraces. The foundations for water wheels 
and generators to be excavated to solid rock, built up with concrete, 
and reenforced and tied together laterally with expanded metal and 
small I beams. 

Generators. — The generators proposed, three in number, are of the 
3-pha8e, 60-cycle, alternating-c'urrent , revolving-field type, with a nor- 
mal capacity of 1,350 kilowatt*;, or 1,80() horsepower, at 2,200 volts, a^ 
a speed of 200 revolutions per minute, and are on the shaft witl 
the water wheel. The stationary armature in this form of generate 
dispenses with any adjustment of moving parts on the generatinj 
element of the machine, as the leads simply connect to terminal block 
on the armature frame to which the ends of the 3-phase windings ar 
brought. The elimination of collector rings, made possible in thi 
way, tends to higher generating pressures, with resulting economy ii 
transformers. Machines of this type of 12,000 volts capacity hav 
already been developed and are in successful operation. 

In designing these works moderate electric pressures have beei 
adopted both for generation and transmission, with a view to keepin; 
well within the limits of successful operation. As planned, the genei 
ating units are below the station floor, to permit the pressure pipe 
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reach the wheels without unnecessary curvature, and plenty of 
working room has been provided around, under, and over the machines. 
\ traveling crane provides means to lift and transport any part of the 
nachines to any part of the building. The generator leads pass up 
TOui the subterranean working conduit behind the switch board to the 
3usbars, where they are distributed to the transformers overhead. 
i¥ide passageways afe provided around the switch board, which con- 
dsts of a separate panel for each generator and one for the exciters, 
»rrylng the usual interconnecting switches, voltameters, ammeters, 
integrating wattmeters, fuse blocks, field rheostat, and synchronizing 
levices. 

Transformers. — ITie floor or shelf on which the transformers are 
placed is of concrete and expanded metal, with working room between 
and around the transformers. The low-tension wires (2,200 volts 
potential) pass into the transformer coils on the rear, next to the 
wall of the building, and the high-tension wires (30,000 volts poten- 
tial) are taken from the opposite side through a plug board equipped 
with long break switches, from which the wires pass back overheml, 
across the transformers, through glazed openings, to the external 
circuits. 

POLE LINES. 

The route selected for the pole lines follows in a general way the 
proposed wagon road from the power house to Millwood, and thence 
along the existing wagon roads to Centerville, in the valley below, 
for the purpose of insuring access to the lines during the winter, when 
the ground will be covered with snow. Beginning at an elevation of 
2,000 feet the line attains an altitude of 5,500 feet at Millwood, and 
then descends to Centerville, 45 miles from the power house. Experi- 
ence in Colorado and British Columbia demonstrates that if the lines 
are structurally strong no interruption of operation need occur by 
reason of snow. Interruption has invariably been due to weak 
mechanical construction and not to electrical causes. Two pole lines 
carrying four 3-phase circuits of No. 3 hard-drawn copper wire sup- 
ported on suitable insulators to be built to Centerville, where a switch 
Jtation will be located. The arrangement is such that each generator 
Jan be run separately on an independent circuit, or any number of 
Jircuits can be operated in multiple from a single generator, or all 
)f the generators can be run parallel into any or all of the circuits by 
means of suitable connection at the busbars. From Centerville one 
line has been projected to Fresno and beyond and another to Ilanford 
ind the intervening lands. 

SUBSTATIONS. 

The extraordinary yield of tlie developed wells around Fresno, con- 
sidered in conjunction with the depth to the plane of saturation, the 
probable depth of exhaustion of the wells, and the economical output 
for each station^ requires about 45 horsepower de\W^T^^\o>JVi^^vaft^w'^^ 
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and the necessary size of the units suggests the use of SO-horsepower 
induction motors at 2,(XX) volts potential. The advantages of a large 
irrigating he^id have been obtaine<l by grouping four pumping plantB 
around a transformer station 800 to 1,200 feet distant. Each substa* 
tion consists of a neat wooden building provided with a radiation wall 
so aiTanged that the heating of the air in the roof space creates a draft 
through the vent provided at the top, which establishes a circolation 
through the walls of the building and prevents the air within from 
attaining more than the normal temperature outside. The trans- 
former house proposed is shown in elevation and section in PL XXX, 
and a section of its wall in PL XXXI, B, 

The equipment proposed consists of 200 kilow^tti^ of self-cooling, 
oil-insulated transformers wound to convert the line pressure of 
30,000 volt« to a distribution potential of 2,000 volts, at which it is fed 
direct to the motors without further transformation. An outside 
high-potential, triple-pole, double, long-break switch provides means 
of cutting out the substations for adjustment. 

PUMPINO STATIONS. 

These buildings are of the same general construction as the transr 
former house (For elevation and section of proposed pump house 
see PL XXXII.) As designed, the equipment consists of a 10-inch 
centrifugal pump, with working vanes to suit the motor speed and 
height of lift, mounted in a steel frame, connected directly, with grip 
couplings, to the shaft of a vertical motor supported on the same 
frame al)ove the level of the surrounding country, so that in case the 
pit is accidentally flooded the electric apparatus is safe from injury 
and the plant suffers no damage. The pits are curbed with concrete 
and expanded metal panels set in steel T-beam frames and bolted in 
place, with diagonal bracing at the ends to prevent racking. (See 
PL XXXI, D.) The wells are 12 inches in diameter, sealed into 
the concrete floor, and will probably require sinking to an average 
depth of 100 feet. The suction pii)es are 8 inches in diameter, of 
heavy galvanized iron, riveted and soldered. Suction inlet to the 
pumps is provided in the form of a cross, so that four wells, 90 degrees 
apart, can he connected. If the two wells shown in the section of the 
pit fail to develop sufficient water, another well will be sunk 30 or 40 
feet away, laterally, and a fourth, on the opposite side, if it should 
prove necessary; those lateral wells to be connected by tunneling 
from the main pit, sinking a brick manhole over the well to the 
depth of the pit, and connecting the wall of the pit and the manhole 
by standard screw jiipe surrounded by 6 inches of concrete, back-filled 
solidly and terminating at (hither end inside of the pits with a holt 
flange from which connection can be made to the pump and vertical 
suction pipe. Priming is effected by closing the gate valve on the 
discharge pipe and exhausting the air from the suction pipes and 
pump with a mechanical primer operated with a taper friction from 
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lie motor shaft. (See PL XXXI, A, ) The motor starts id le, the weight 
rf the motor and shaft being carried on a collar working on ball l)ear- 
Bgs on the pamp head until the appearance of water at the discharge 
>f the priming pump indicates the priming of the main pump. The 
>pening of the gate valve on the discharge pipe permits discharge to 
>egin, and the pump is so designed and adjuste<l that the static lift 
>perat«s to balance the suspended parts. Each station is equipped 
prith an automatic device for cutting out the motors in ease of a dis- 
nirbance of the line. Oilers are arranged to require attention once 
in twenty-four hours; more frequent inspection has been shown by 
MLperience to be unnecessary. 

COST. 

In the following estimate of cost wagon freight from Sanger to Mill- 
wood has been figured at $9 a ton, and from Millwood to the power 
louse at ^2 a ton. The figures used for the cost of the intake, 
Mnduit, roads, bridges, and trails were prepared from preliminary 
mrveys, and appear to the writer to be ample to cover any probable 
nodification of design or location. The delivery of construction 
naterial on the line of the tunnel and at the penstock requires the 
186 of- an inclined skidway and a small hoisting engine, which are 
nclnded in the estimate. Several miles of difficult mountain wagon 
■oad and trails must be built, and a bridge be constructed across the 
:$OQth Fork at the power house. A screen of iron bars at the intake 
las been included in the estimate, also double screens at the pen- 
stock, to keep leaves and sticks from entering the pressure pipes. A 
jelephone line of No. 12 wire, strung on the power line poles and 
equipped with instruments and cut-out switches at each of the sub- 
stations, has been estimated upon, while a comfortable bunk house, 
mth double roof and walls, library, dining room, kitchen, bathroom, 
iind complete sanitary plumbing, which has been included, is regarded 
as a necessary adjunct, and a small ice-making plant and cold room 
piped for direct ammonia expansion, wiiich have also been ineUubMl, 
would add to the comfort of the employees. 

^imate of coat ofpoieer and pumping 2^l(mts for generating and transmitting 
power from Kings River for the utilization of ground water in Vie valley. 

Hydranhc works: 

Headworks and intake $5, 500 

Conduits .. 184.800 

Adits 7,700 

Sand traps.. 1,830 

Penstock and waste weir 3, 478 

Pressnre pipes (three steel pipes, each 80 inches in diam- 
eter, 3, 200 feet in length, with gates and air valves) 59, 691 

Hydraulic equipment (water wheels for the three generators 

and the two exciters, with governors, gates, and fittings) 27, 000 
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BnlldlDgs: 

Power boQM.foiindAtloiu, and condnlti. 

Hmb and bnnk house.. 

Bcfrlgerating plant 

Stable, workshop, and tools 

Boadfl and bridges -.- 

Trails - 

Elecfaio gaoentlon and converslos: 

Generating eqnlpment and control (three generatoi 
horsepower escb, two esoiten for same, switch 
jnstmmentB, and inst^lation) _ 

Tnuufonnen (ttvn of 600boniepower each, itO.OOO vol 
switchee, etc) _ . . 

TransmisaicHi : 

Pole lines (45 miles of doable pole line, fonr cdrcnits 
terville, 4fi miles distant, and 40 milesof dietribatjos 

CenterTille switch honae _._ 

Substation tronsfonnatlon (35 stibatatlonB, each con 
foarstep^owntraiiBfonners— oneforreserre — tota 
Itf 266 hotsepower, with switches, etc., complet 
station designed to fnmisb the power for fonr pi 
stations).- 

Engineering and contingencies, 5 per cent . 

Total 

Punping stations, lOU at |4,057 (conslstliig of 50-hon 
IQ-inch centrifngal pnmpand aitacfaments, cement- 
four wells 90 feet deep, bniltlings, piping, etc.) . 

Engineering and continjjenciefl, -'> per cent 

Total... _ _ 

Recapitulation : 

Power generation and transniiseion . 

Water development, 1. e., 100 pumping stations 

Total. ._ 

The estimate' on pumping plants in for li cai>i 
enoh, or a totJil of 6tiO Bwontl-feot, i)er 24 hours, 
per 24 hmn-.s from an averajr"' <h'ptli of +■=> fc<'l, 
aon'-fcct per nuiuini (;i(i.") ilays), niakiii;; tli<' <■*» 
IH'V n<-ro-foo( iif annnal rapju-ily. 

'J'lin OMliniat^'d cost of oiMTalinjr llii- plants is 

FMi>ni,h-d Host of Kjirralhm i^-inr i,wl ]mi„ 

Interest, jier cont on lionded indobteilneBs 

TaisM. 3 pot c'tiit on CD per i-i-nt vnlnatioii . _ . ... 

Depreciation and maiutouuuce _ . . 
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ower honse: 

One superintendent $1,400 

Three attendants at $1,000 8,000 

Three helpers at |800 2,400 

Onelaborer 750 

One watchman 750 

Horses and stable 1,300 

Oil. waste, and supplies 2,400 

•$12,000 

lie line: 

Two linemen 1,800 

Teams and supplies 800 

2,600 

imping stations: 

Ten attendants at $800 8,000 

Two inspectors at $1,000 . 2,000 

Horses, 20 at $150 8,000 

Oil, waste, and supplies 2,400 

15,400 

Total ox)erating expenses 30,000 

hninistration anf local ezx>enses: 

One general superintendent 2,400 

One bookkeeper 1, 200 

Office rent and sundries... 1,400 

5,000 

inranceand contingencies.. 5,000 

10,000 

Total 157.611 

Considering the load factor of the pumping system, i. e., the ratio 
the average load to the maximum load, to be 90 per cent, the annual 
mp output would be 328,500 acre-feet, on the basis of the use of 
) plant for 32Si days, and the total cost of operating would amount 
in round numbers, $0.50 per acre-foot produced per annum. If 
) plant were operated fewer days each year the cost per acre-foot 
>duced'would be much greater. 

CONCIiUSION. 

n order to appreciate the magnitude of the proposed development 
nay be compared with what has already been achieved with the 
,vity flow of Kings River. The flow available during dry years is 

measure of irrigated acreage on which stable values can be main- 
aed, since land witli an uncertain water supply must fluctuate in 
ue as the seasons are favorable or otherwise. During 1898 the 
>ply available was very deficient. Last year (1900) the profits from 

raLsin crop alone in the Fresno district are reported to have been 
re than $2,000,000, and this industry, as well as the fruit, stock, 
i general farming interests, is dependent on the river, not partially 
t al>solutely, for its existence. Practically all created values within 
) area served by the water of Kings River are sustained by its 

•Operatives to pay cost of board at mosslkOTiBe out ot «aB2^Ax\«&. 
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flowage, and the aggregate of these valaes runs into millions of doUan. 
Plenty of additional land, of even better quality than that now under 
cultivation, is available if an assured water supply can be provided. 

Making due allowance for seepage losses in conveying the pamped '. 
water, the annual amount available from the new supply would be * 
3(|r),0(X) acre-feet, and the cost of supplying it would be only slightly 
in excess of the present charges for water from gravity canals in this 
locality. 

The conditions described exist at many other places along the east- 
ern slope of San Joaquin Valley, where there are many square miles 
of unused land, much of it possessing as great natural advantages 
as the tracts under cultivation at lower elevations, which a water 
supply would convert into a rich and productive country. Riverside 
is an example of what five years' development with water will accom- 
plish. Notwithstanding the coutinue<l decreasing flow of the peren- 
nial supply due to the dry years 1895 to 11)()0, orange planting, which 
passed the natural limit of stream flow several years ago, has been 
steadily extended to outlying districts, and water development from 
well supplies has kept pace with the increasing requirements until 
the quantity available and the acreage served are much greater 
than ever before, and the best lands are now dependent on pump 
irrigation. 

General attention now being directed toward the advantages p(»- 
sessed by California, it seems probable, under the pressure of 
increased population and the market demands which must follow, 
that another generation will witness the cultivation of every acre of 
land susceptible of irrigation in San Joaquin Valle}^ and in view of the 
possibilities herein suggested it does not appear unreasonable to 
believe that water will be provided for every acre that can be culti- 
vated. 

SUMMARY. 

The important results of the investigations on Kings River aix) sum- 
marized ill the following table: 

Results of Invest igations for water development along Kings Rm*r, 



Improvement. 



Description. 



DusyMeadowHreser- ' i:2r>-f (x>t dam 



voir. 

Piuc Flat reservoir . , 14<)-foot dam 

Clarks Valley roser- Ha foot dam 

voir. I 

Do ' U»5 foot dam 

Lon^ Meadow reser- lT(>-f<K)t dam 

voir. 

Pumping plants JtiHJ days* ojKjration per an 

num. 
IIMJ days' o|)eratiou per an- 
num. 



Do 



Capacity, 
in acre- 
feet per 
annum. 


Cost of inst4 
Total. 


illation. 

Per acre- 
foot 
stored. 


Annual 
co6t,per 

acre- 
foot, of 
interest 
and op- 
eration. 


itt.aw 


$538,860 


$:^.00 |;).lti 


78, li)7 
ia).41« 


1,750,000 
1,331.(B5 


23.38 
11(15 


s.oe 

1.04 


317,1911 


2.306,822 
713.715 


10. 15 
28.00 


.fiS 
2. Hi 


•jusjm 


1.278,tt29 


3.50 


.SO 


1(«).00() 


1,278,029 


12.78 


1.43 
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The last column of the foregoing table gives the cost per acre-foot. 
Br annum of water delivered to the lands to be irrigated, a deduc- 
on of 20 i)er cent of the water stored being made for losses by 
iraporation and seepage in transit. The pumping plants l)eing 
Kjated where the water will be used, no such deductions are made 
H them. 

The Dusy Meadows and Long Meadow reservoir sites are not of 
lecial value, as better reservoir sites are available. The Pine Flat 
Qd the Clarks Valley sites, however, are both of great value to the 
iDgs River irrigation districts. The storage work should be liegun by 
ailding the Clarks Valley reservoir with the 85-foot dam. This 
lould be followed by the construction of the 140-foot dam at the Pino 
lat site. The height of the dam at Clarks Valley can be inc^reased 
1 105 feet or more in the future. Water from these reservoirs could 
lost advantageously be applied to the foothill lands between eleva- 
ons of 300 feet and 550 feet, where citrus fruits can be raise<l and 
here no water is now available. 

The estimates show that the cheapest supply in the valley can oe 
btained by pumping with electric power generated by the river itself 
efore it reaches points of diversion or storage, provided the pump- 
ig plants are operated at least half the time. This pumped water 
ould be obtained most cheaply in the lower valley lands, where the 
rater plane has now risen to near the surface and where the longest 
dversions are necesisary under existing canals. While the pumping 
slants might be used near the foothills the water supply there would 
K)t be so large and the lifts would be greater, but the lands redeemed 
^ould be more valuable. 

During the high-water stages of the river, which last from March 
mtil the middle of June or the first of July, an abundance of cheap 
rater is now available by gravity for the irrigaticm of all of the lands 
rithin reasonable limits which are under Kings River. At present 
he use of the water is needlessly wasteful during that season of the 
ear. It is believed that if, in addition to this spring irrigation, water 
) a depth of 1 foot could be furnished to the irrigated lands between 
ie first of July and the end of Novenilxjr it would be sufficient to main- 
lin them in a condition for the production of any crop. Assuming 
lat the pumping plants will produce 2()0,()()() acre-foet of water, there 
ill be available from that source and from the Clarks Valley and 
ine Flat reservoirs, with the lower dams, about 4()i),0(K) acre-fec^t of 
liter. If all the water that is diverted by the pumi)ing plants and 
lie storage reservoii*s should be put onto new areas it would mean the 
ddition of 200,000 acres of irrigated land to the community. 

In concluding it may be stated — 

(1) The capacity of the canals diverting wat/C^r from Kings River is 
approximately 4,0(X) cubic feet per second. 
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(2) Ten years' records of the river show that the average flow for th 
month of Aagast is 603 cabic feet per second and for the month o 
September 389 cubic feet per second. 

(3) The irrigable area is very great. 

(4) ProlMibly the most valuable areas in Fresno and Tulare countiefl 
are the foothill lands upon which citrus fruits can be grown between 
the 3()0-foot and the 000-foot contours of elevation. These lands are 
without water rights and can l>e irrigated from the reservoirs described 
herein. 

(5) Pumping plants can be established and operate<l which will 
furnish 1,000 acre-fe<^t of water i)erdayat a cost not much greater 
than that now paid for gravity water from the canals, to supplement 
the present summer supply or to extend the irrigated areas. 

(6) The operation of the pumping plants will partially if not 
wholly prevent the rising of alkali to the surface of irrigated lands. 

(7) One hundred and ninety-eight thousand six hundred and ninety- 
six acre-feet of water now wasting annually can by storage be con- 
served at prices well within commercial limits. 

(8) A good water right will add 150 per acre to the value of dry 
lands in the valley and 190 per acre to the value of lands in the 
foothills. 

(9) All of the works included in the table on page 9G are feasible 
and safe from an engineering point of view. 
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ADDENDA. 

In the summer of 1901 a series of measurements of some of the 
canals taking water from the north bank of Kings River and east of 
Centerville were made for Mr. L. A. Nares, general agent of the Fresno 
canal. This is nineteen years subsequent to the measurements made 
by Mr. Grunsky, and the results are in marked contrast with those 
obtained by him. Evidently the continued irrigation practiced dur- 
ing the interval has raised the ground- water level so that it is largely 
supporting the water in transit in the canals. While in some in- 
stances gains in the volume of water are reported, it is believed by 
the writer that these must be the exception instead of the rule, for 
the canals are normally higher than the lands irrigated, and there 
can not be a gain unless the plane of saturation is higher than t he 
surface of the flowing water. 

These measurements are of interest, but owing to continued diurnal 
fluctnations in both the river and the canals absolute result's can only 
be obtained by continuous records of water heights at rating stations. 

Summary of measurements made in Kings River canals in August and Septeniber^ 
1901^ to determine loss or gain by seepage and evaporation. 



No. of 

BMsnre 

ttent. 



Name of canaL 



Centerrflle and Kingsburg 

canaL 

Fowler Switch canal 

do 

do 

Centerv^ and Kingsburg 

canal. 
Gkrald camd 



do 

MnJT* canal 



Locality. 



Centerville to Sanger. 



Centerville to Collins Gate 
Head gate to Centerville . . 
Centerville to Collins Gate 
Centerville to Sanger 



Holland Flume to Kutner 

Colony. 
do 

Long Cut and Limbaugh 
Gate. 



Dis- 
tance. 



Miles. 



9 
2 
9 
7 

11 

II 
10 



Gain or loss. 



Sec-feet, 
-20.00 

+ 6.00 

+ 

- 9.57 

-83.00 

+ 2.25 

+ 1.60 
-27.66 



Per cent. 

- 5 

+ 2 

4- 

- 8 
-12 

+ 1 

■f 2 

- 7 



Note.— AU of the measurements except Noe. 4 and 5 were made with a current meter. Plus 
iign (+) indicates gain, and minus sign (— ) indicates loss. 
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LETTER OF TRANSMITTAL. 



Department op the Interior, 
United States Geological Survey, 

Division of IlYDRcxmAPHY, 
Wnshimjton, I). C, June ^'9. 1001. 

Sir: I have the honor to transmit herewith a manusmpt concerning 
the development and application of wat^r in southern California, 
prepared by Mr. J. B. Lippincott, resident hydrographer for tills Sur- 
vey in California. This paper describes the general cimditions of 
water supply in an important and densely populated agricultural 
area, where watc*r has probably the greatest value for irrigation of 
any part of the United States. The data are of particular interest 
because of the development made during the series of diy years 
which culminated in 1800. Every possible expedient was resorted to 
for economizing or increasing the supply of water; tunnels wbie 
driven into the hills, dams were built to bed rock in the canyons, 
and wells were dug or drilled throughout the valleys. Almost every 
conceivable device for pumping water has been employed and great 
ingenuity <lisplayed in bringing water to the orchai^ds and moi^e 
valuable crops. 

The details of some of the works and wells have been brought 
together by Mr. Lippincott and form an exhibit of results accom- 
0ished under conditions where water has great value. The n^sult.s 
«re instructive, as showing what may be done in other parts of the 
United States under favorable conditions of climate and soil, and 
have peculiar interest in any coii.sideration of the extent to which the 
Arid Lands can ultimatel}' be redeeme<l by irrigation. 
Very respectfully, 

F. IL Newell, 
Hydrographer in Charge. 
Hon. Charles D. Walcott, 

Director United State.s Geological Survey. 
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iNT AND APPLICATION OF WATER NEAR SAN 
lARDINO, COLTON, AND RIVERSIDE, CAL 

PAIiT I. 



By Joseph JUrlow Lippixcott. 



ERAIi L.OCATIOX AXI> TOPOORAVIIY. 

t uniformity and niildnoss of its cliniaUs llio grandeur 
>f its seenerj', and tho j^reat variety and vigor of its 
n furnished witli moisture by irrigation, southern Cali- 
rme the pleasure groun<l of Die United Stales. In its 
alleys, lying lM»twe(»n snow-eappe^l mouiitaiiis and a 
efinoment, and w<»alth have (^(nnbine*! to make heauti- 
le narrow strip of hm*! lying lK»twtMMi the mountains 
'ast Ix'coming the Riviera of America. San liernardino 
,rden, furnishiiig many varieties of deeiduous and semi- 

for Eastern and domestic markt^ts. Rivei*side and 
lio two principal eiMiters of fruit proiluetion. 
s protected from th(» cold winds off the clesert on the 

l)y the Sierra Madr<» and San r><'rnar<li)io Rang(», the 
he crests of which vary from 5,(K)() to 10,()0() feet. To 

west the valley is inclosed h}' low mountains, which 
.rj'^ coast range, the higli4»st peaks of which are in the 
2:e to the south, the l<»W(»st in th(» San Jose and Puente 
st. The latter separate San Bernardino VaUey from 
lleyand the Santa Ana coastal plain. San Hernardino 
at resembh»s a right-angled triangle, the apex being at 
e Santa Ana River h»aves the mountain range, the base 
I Conma lo Lordsburg, -Ji miles distant, the right, angle 
a, and the height i32 miles. Tli(» area of the valley is 
>s. The streams enter it. from the north and east, com- 
•ierra Madn» and the San I>ernardino Mountains, with 
•f San Timoteo (/re(*k, which discharges about 1 second- 
, and T(»mes<*al Cieek, which irrigates .'iJJOO acres. 
le district is on the south side of the vallev and is irri- 
lUrn water, from pumping plants, and from artesian 

H 
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wells. The city of San Bernardino and its surrounding neighb(»^ 
hood are similarly supplied, supplemented also by Lytle CreeL 
Corona is irrigated from Temescal Creek and from local wells, si^ -. 
plemented by a pumping plant and pipe line from the water-bearing ,5 
lands of San Jacinto Valley. All of the remaining orchards and 
gardens of San Bernardino Valley are on the northern and eastern j 
edge of the valley and are supplied from local mountain draiimg»^| 
basins. \ 

During years of average stream flow the duty of water for citrus 
fruits may be taken at from 5 to 8 acres to the miners' inch (0.02 second- 
foot), continuous flow, when good service is rendered, and double that 
area when used for deciduous trees. 

All of the streams issuing from the north side of the valley have 
^issisted in building up a bench-like mesa of debris cones of granite- 
material, which varies in elevation from 800 to 1,2(X) feet above the: 
thalweg of the valley. The nortliern rim of the valley at the foe* 
hills is at an elevation about 2,000 feet above sea level and the soutJb 
em rim at an elevation of approximately 1,200 feet. On the southeni^ 
side of the valley the mesa which lies next to the foothills is formed : 
to a large extent from disintegrated granite mingled with red clays 
from San Timoteo Canyon and adjoining hills. Upon this bench are 
Riverside and Redlands, and it is from the red soil that the latter 
district derives its name. The Riverside bench is from 100 to 300 feel 
above the river bed and from 850 to 1,000 feet above sea level. It is 
20 miles long and about 5 miles wide. 

Water is the life blood of the land. Without it there can be no 
substantial growth, except occasional croj^s of grain, and this region 
would beccmie a semidesert. We therefore find (see map, PI. I) the 
towns and orchards clustei'ed around the mountain edges, the can- 
yons from which the streams issue, or in the lower depressions of 
the valley toward which the underground and return water from 
irrigation gravitates (o appear again for use on the surface, as ali 
Colton and Rincon. The intermediate lands remain mostly unused 
and uncultivated, a few cattle \o the section or an occasional crop of 
grain being all they will support. The highly productive portion of 
the valley is limited b}" the amount of water that is available for 
irrigation. All of the summer and much of the normal winter flow 
of the streams has now been appropriated and diverted, and it wouM 
soeni that the valley had reached its limit of irrigated land from 
that source. However, in the lower valley lands the extensive sat- 
urated gravel beds will l)e drawn upon to supplement the surface 
supply, especiall}' during dry years. The precipitation occurs almoet 
entirely between November and April, and in normal years variee 
from 10 inches in the valley to 50 inches on high mountains. B* 
minimum is as low as -13 per cent and the maximum as high as 9W 
per cent of the mean. The discharge of the streams is relatively hwff 
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n winter and low in summer. The increase of the suinmor water 
wpply is dex)endent upon the construction of reservoirs in the moun- 
lins, to store the winter storm water, or upon the development of 
rater by wells or excavations in the valley hinds. 
The map accompanying this report (PI. I) shows, by shade<l areas, 
fceland actually under irrigation and supplied or pailially supplied 
rith water during the summer of 100(). No effort has Iwen made to 
listinguish between good and poor water supplies. Tlie irrigated areas 
rere determined by actual field observations, those in the U(»dhin<ls 
[oadrangle by Mr. Louis Mesmer, and those in the San Hernardino 
aadrangle by Mr. C. J. Roney, lK)th of Los Angeles. The various 
Tigation canals and the principal distribution lines are also indi- 
ited on the map, as well as the locations of the i)ower plants on Santa 
na River and Mill Creek, the approximate location of th<» watcM- 
ane for the summer of 1000, ami the locations of the wells. The 
imbers on the map correspond with the numlM'rs of the wells in tin* 
ble on pages 115 to 134 (Part II). Where isolated wells occur and 
e information is not sufficient to contour tln^ water ])lano, its ele- 
.tion is given (black figures) on the map. 

801 L. 

The soil of the valley is of two distinct rlasses, the l)ench or delta- 
ce lands around the rim of the valley and the moist bottom lands. 
de former merge from mere piles of rocky bowlders and sand con- 
ining little humus or soluble matter but which an* capable of ^row- 
g orchanls, to sandy loams such as are foun<l around ]iiv(M'si(le. 
hey are very deep and apparently of the same chemical composition 
I the lower strata as at the surface. They mv warm and porous, and 
iSQch surface gradients that they are well drained, so that then^ is 
) danger to either the croi>s or the health of the cultivator from a 
sing and stagnant water plane with its accompanying alkali. Prof. 
. W. Hilganl, professor of agriculture at the l^niversity of C'ali- 
►mia, furnishes the following analyses of the Riverside soil and 
ibeoil: 

Analyses of soil and subsoil at RiiH'rside. 



vw materials 
Mearth 



lolable matter 

laUe silica 

ilMh 

da 

Die 

Hmeaia 

'own oxide manganese, 
vtttideiron 



Soil, 
depth 12 



Siilieoil, 
depth » 



inchoH. itolOfeet. 



Per cent. 
20. (XM) 



I 



8.2CH 

.mi 

.2U3 
l.TiW 
1.325 

.(H() 
4.2U() 



Soil, I Snlwoil, 
depth 12 depth » 
inches, 'told feet. 



Per rent, 

ZJ.rtxJ , Alumina 

77.0(M) ' PhoHphoric uoid ' 

r-. — Sulphuric acid 

7.'>. 445 I Water and orjjanic raattcir.' 

H.im • ' 

.1«H Total I 

.:Wi I Humus .. j 

1.727 ■ Available inor^mnic matter 
l.r>81 Available phoHiihoric acid . 

.<W1 ' HygTow'opic moisture ab- ' 

5.:$W , sorbodatWC i 



Per cent. 


5.21M 


.141 


.UU 


urn 



m 047 

2().(N)() 

64.000 

.015 



At cent. 

5.07H 

.15» 

.001 

1.440 

KJO. I?J 



1.77 
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In tlie lower portions of the valley, where the water comes to the 
surface, the land is moist enough for cultivation without irrigation. 
Fields of alfalfa are thus grown around San Bernardino, Colton,and ; 
Rincon, and it is upon land of this character that the Chino beets are 
raised. Where the sul)di*ainage is poor the continuous evaporation 
from the surface of the soil of water that is but slightly charged with 
soilium, carbonate, and sulphate will ultimately produce an alkali 
soil. This has occurred frequently in these localities. It is claimed, 
however, that the sugar beet will thrive on land somewhat alkaline, 
and this is said to have l)een demonstrated at Chino. In these bottom 
lands some adobe is found, but it does not cover extensive areas. The 
remedy for this alkali condition will pi-obably be found in drainage 
and in the use of gypsum. 

CL.IMATE. 

It has been said of southern California that every township has a 
distinct climate. It lias taken years of time and the expenditure of 
thousands of dollai-s to determine the frost line. There is no pro- 
tracted cold weather in San Bernardino Valley. A tem{)erature of 26® 
F. maintained for several hours will freeze and ruin an orange or 
lemon crop, a temperature of IS'' will kill young trees, and a tempe^ 
ature of 14° maintained over night is suflfioient to kill old trees. These 
low temperatures are reached only during the night. The isotherms 
follow topographic contours within certain limits. The frost and cold 
settle into the relatively low lands, but other local conditions tend to 
modify this physical phenomenon. 

The air over the desert east of the mountains is raised to a rela- 
tively high temperature during the daytime and is forced upward. 
In the citrus belts frost usually occurs when a high barometric pres- 
sure exists over the desert, producing winds away from that locality. 
The air currents that are forced over the higher mount>ains are 
chilled and frost is found 41ong the depressions of the can3'ons lead- 
ing from their crests, while the drafts of desert air passing through 
the low passes are warmer. The areas affected by frost vary from 
year to year and no exact isotherms can be drawn for all yeara. After 
entering the valley the cold air, l>eing relatively heavier, gravitates 
to the lower levels. The north wind from the Cajon Pass, which pro- j 
tects Rialto, Riverside, and Bloomington, seems to force the colder | 
air which gravitates toward the lower portions of the valley around ' 
Colton into the extreme lower portion of Santa Ana Valley. 

Up to elevations of 2,000 feet the relatively high lands are free from 
frosts and the relatively low lands are subject to it. For instance, i^ , 
the Del Rosa and West Highlands districts the lands fiouth of the ! 
track of the Southern California Railroad are considered unsafe foi J 
oranges while those above it are relatively fi'ee from frost. Tltf 
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[iborhood of the town of San Bernardino has been largely aban- 
d as a citrus district and eonverte^l into dairy, vegetable, and 
Inous-fruit farms. This determination of the frost line is a sub- 
of vit«l importance to those intending to cultivate citrus fruits, 
can not he studied with too much care. After orchards have 

developed it has often been found that they arc not within the 
nal belt, and vigorous efforts have l)een nia<le to n^niedy the evil. 
mometers which ring alarms when the mercury dn)ps below l]'2' 
t been constructed and placed in the orchai^ds. A common prac- 
is to bum brush or coke, or otherwise produce a smoke, so as to 
I the temperature a few degrees and prevent frei^zing. Wind, if 
3 be any, tends to mitigate the frost. In some localities ignited 
of crude oil or distillate, 15 to the acre, have been tried and have 
fd the local temperature 3°, but even this is uncrertain, for the 
I blows away the warmer air and the burning oil smuts the trees. 
m this method is adopted oil tanks are placed in the oreliard and 
ibution pipes are laid to the jets throughout the groves. A unit 
ater in freezing gives off sufficient latent heat to raise the tem- 
ture of an equal unit of water 142" F. In order to use th(» latent 

thrown off in freezing, Mr. A. J. Everett, of Riverside, tried dis- 
cing sprays of water above the trees when the temperature of the 
osphere fell below 32°. The result, however, was a failure, the 
» becoming coated with ice and the limbs l>eing broken, with no 
Itant benefit. 

fie most successful efforts in the protection of orchards from frosts 
B been those of Mr. Everett, who covered 15 acres of orchard with 

fencing, half the space being open, as shown in PI. II. The day 
perature under the screen is found to be as high as that outside. 

theory is to hold the day temperature of the earth under the 
en as long as jwssible at night, or in other words to impede radi- 
n. The shade affoitled by the screen also tends to prevent rapid 
ving of the fruit and the expansion of the liquid in the fruit cells 
anrise, which bursts the cells and spoils the fruit. Without fires 
er tfhe screen the night temperature is held 0" above that of the 
Me atmosphere. In one instance, with an outside t<?niperature of 
and with ten coke fires to the acre distiibuted under the screen 
Tire pots holding al)out 1 cul)ic foot each, the temperature under 
screen was kept at 20° during the night, and it is said that it 
Id have been kept at 32° except for carelessness. In the fall of 
r, 75 trees in the coldest portion of an orchard were covered and 
crop was saved. Part of t he trees were covered with canvas over 

lath and part with lath only, the results being equally bene- 
il. Outside the screen both crop and trees were frozen and in 
le instances the trees were killed. Inside the screen the St. Michael 
ages, the most delicate, were saved. The crop, however, does not 
sn as quickly under the screen as outside. With lumber at $20 a 
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thousand tlie cost of l)uil(lin^ the screen is approximately 8425 to the 
acre. The uprijjhts are 3 inches by 4 inches by 15 feet high, and are 
set 21.2 feet apart. The lop members are two 1-inch by 4-inch boai-ds 
edged in T shape. The top of the screen is ot hitli commonly used 
for chicken-yanl ftmces, ojM»nings the width of th«^ hitli being left 
between them. Tlie high cost of this cover has prevent<>d its lx*inp 
gen(»rally use*!. 

A more (»ven tomi)erature exists nearer the seacoast than in San 
Bernanlino Valley, an<i for winter vegetables and deciduous fruits 
that may lx» tlie In^tter location, but not for citrus fruits. In tlie inte- 
rior valley tlie temperatun* during the summer riws from 30° to 40° 
higher than on the coast, and high temi>eratures are necessar}' for the 
production of a sweet fruit. The cooler coast tcmi>eratures and fogs 
also tend to cause the citrus fruit,s to grow a thick-skinned, pulpy- 
celled lining. The higher temperatures are also unfavorable to the 
scal(» p(jst, which is the insect enemy to citrus fruit«. The black scale 
exudes a sticky substance, which falling on the leaves and fruit 
retains the dust and gives the trees and fruit a dirty appearance. In 
the interior valleys the scale is not found. Generally speaking, in 
southern California the best citrus fruit is grown 30 or more milt's 
from the coast, on the western slope of the mountains, and at <*li^ 
vations from (JOG to 1,800 fei»t above sea. The conditions mentioned 
have greatly restricted the area where citrus fruits can be grown at a 
profit, and this area nuiy be said to he decreasing rather than increas- 
ing. The genei-al development of the country and imi)roved trans- 
portation facilities are tending to enhance the value of i-eally fii'st-elass 
citrus lands. It must be remembered that the determination of the 
frost line has been a slow process, but it is gradually l)eing located, 
an<l the newer groves are planted in more propitious places. The 
groves located within the frost Ixdt are chiefly old seedlings, now in 
full l)earing, so that the loss from freezing is relatively much larger 
now than it will be ten yeai*s Induce, for the old orchard lands that 
have lxH>n found frosty will be put into different crops or their water 
rights be transferred to other and better locat<>d lands. It is safe to 
.say that throughout San Bernardino Valley much more land will l^ 
found adapted to this class of horticulture than the water supply will 
serve. 

From the following tables of rainfall and temperature it will be 
seen that during the summer, or growing season, there is an ab8euc*e 
of rain. In fact, from April 1 to November 1 there is practically con- 
tinuous sunshine. The atmosphere also is very dry.. These two con- 
ditions produce a rapid plant growth when water is abundantly sup- 
plied by irrigation. Vegetation develops with much greater rapidity 
under these conditions than at similar latitudes in the Eastern States. 
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The ilistinctive crop of San I^nmrtlino Valley 1b citms fru 
OrangcH predominate, followed next by lemooH, and of late years ' 
f^rape fruit ban become a popular product. The favorite variety 
orange is the navel, a seedless fruit which has been highly develo] 
at Riverside. Otiier varieties are the Mediterranean Sweet, the 
Michael, and the Malta Blood. These all are budded fruits on ae- 
ling roots. PI. Ill, A, shows a bearing gi-ove of navel orftnges 
Riverside. The seedling orange that was at first planted extenaiV' 
is not now i>opnlar. Its value is less than half that of the budc 
fruit. The seedling tree is larger and longer lived than the budd 
varieties, but the fruit is not so aweet nor so highly flavored. T 
Eureka and Lisbon are the favorite varieties of lemon. The orsi 
trees bloom in March and the crop ripens from December 1 to May 
Some varieties of lemon trecj are constantly ripening fruit, a heav 
crop being borne in the ^vinter. Olives, almonds, prunes, aprico' 
peaches, pears, and wine, raisin, and table grapes are all grown in tl 
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iistrict to perfection and in large quantities. Generally speaking, these 
ire planted where the frost line debars the growth of citrus fruits. The 
jitrus trees being constantly in fruit or blossom require more water 
^n deciduous trees; therefore where the water supply is limited 
ieciduous fruits are the more popular crop. 

In the moist lands of the river bottoms near San Bernardino dairy 
tarming is generally practiced, the products being disposed of to the 
drchardists and the local towns. In the moist lands near the lower 
narrows of the river beets are grown without irrigation, and at Chi no 
there is a beet-sugar factory. The beets grown here contain from 10 
to 18 i)er cent of saccharine matter, which is very high compared with 
those grown in Eastern localities. 

An interesting feature of this district is the care that is taken 
of the orchards. No weeds are i)ermitted to grow, and the lands are 
evenly sloped to true grades. Efforts are made to carry out artistic 
and neat effects in the homes, the streets, the canals, and the groves, 
as will be seen in Pis. Ill, B, and IV. 

In the eleven years prior to 1898 Riverside shipx>ed nearly 7,000,000 
boxes of oranges, which at fair figures means an average income of 
♦1,000,000 a year. With the present condition of the orchards an 
income twice as large may fairly be expected. There were 4,000 car- 
loads of citrus fruits 8hipx>ed from Riverside during the season of 
1897-08. The annual yield there in 1899 is said to be about one-third 
of the entire output of the State. Navel oranges during the last ten 
years (1890-1900) have averaged at Riverside $1.50 a box,* and Mediter- 
ranean Sweets $1.25 to $1.50 a box; Malta Bloods and St. Michaels have 
brought somewhat higher prices. The production of the lemon has 
not been very popular in the past, as the method of curing it was 
not well understood. This problem has now been mastered, however, 
and the well-cured California lemon ranks with the best Sicilian prod- 
uct. The United States imports $5,(XX),000 worth of lemons yearly, 
and California is after the market. Lemons are worth about $1 a box, 
and the yield of trees fifteen years old is from five to eight boxes each. 
It is difficult to say what the profits of citrus fruit culture are. It 
is ft question of the survival of the fittest. The man whose crop is 
frozen every third year, or who has but half a water supply in dry 
years, or whose trees are of a low grade, is not among the fittest. For 
financial success these conditions must be relatively i)erfect. With 
these conditions satisfactory he should average 10 per cent net on his 

• 

investment at the end of fifteen years. In the past, when prices 
^ere higher and competition less severe, there doubtless have been 
niany cases where as much as $500 or 11,000 per acre per season has 
^n produced from an orchard, and it is possible that these figures 
^ay again be reached, but they are not a proper basis for estimates. 
It costs in the neighborhood of $900 an acre to get a citrus orchard in 
^ring condition, including land, water, and interest on the invest- 

•Prices are f . o. b. cars. 
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ment. Under favorable conditions a ten-year-old orchard should 
duce 1200 gross and $100 net jieracre. Almost without exceptioi 
I)oliey of living in the Eastern States and paying kind frienc 
parental (•ori>orations to attend to an orchard results in the lo 
money and mutual respect. Under the best conditions it takes 
or more years of hard, patient, and intelligent work to get an on 
orchard on a paying basis. It is not a poor man's business. T\ 
success comes it is an ideal life to spend one's days among the go 
fruit in a pleasant land. It is a country life surrounded by cultiv 
neighbors and with most of the conveniences of the city. 

In the Eleventh Census (1890), under Agriculture by Irrigat 
page 33, is the following statement: 

In average value on Jane Ist, 1890, of farm land irrigated, $150 ptr acre, 
fomia leads the list, Utah coming secoad, with $84.25 per acve. Tikis fi 
exhibits perhaps better than any other the extraordinary values of land in 
fomia arising from its atilization for orchards and vineyards. The value of 1 
ranges from $:iOO to $.~>00 and upward per acre, thus greatly raising the avc 
value of irrigated land, which of course also includes the great areas dsvot 
the raising of hay croi)s. The same fact is exhibited, thongh perhaps n^ 
clearly, in the high average value of products per acre in 1889 and in the I 
average firnt cost of water rights, $12.95 per acre, and average vidue of the 
1890, $39.28 per acre, a high cost and value being justified by the enormous pi 
resulting from suocessf ul frnit culture. In short, it may be said that the o 
tions in California, although by no means perfect, have produced such results 
they have served to stimulate development in all parts of western United St 
Much is still to be accomplished by the subdivision of the great irrigated hold 
this state standing first in the aggregate area and average t^ize of irrigated ! 
ings of over 160 acres in area. These, although embracing 61.88 per cento 
total area irrigated are not of as great relative importance as in Nevada and ^ 
ming, where the large farms are devoted mainly to the forage crops. 

What is true of the Stat« as a whole is doubly true of San Ber 
dino Valley. There irrigation and horticulture have probably rea< 
higher planes of development than in any other irrigation distrie 

During the season of 1000-1901 southern Call fomia shipped 7,664 
boxes of oranges and 908,856 boxes of lemons, worth to the gro^ 
$5,750,000. 

PI. IV, ^, is a view of an orange grove in San Bernardino, si 
iiig a method of irrigating by throwing up the earth so as to const 
around each tree a basin in which water is turned and allowe 
stand until absorbed. PI. IV, B, shows an irrigation canal of 
Riverside Water Company near Riverside. 

WATER SUPPLY. 

The rain clouds from the Pacific Ocean, passing in large part < 
the lower intervening foothills and valleys, are condensed on b 
forced up and over the high crest of the Sierra Madre and the 
Bernanlino Mountains, which are from 6,000 to 11,000 feet in elevat 

The pi-ecix)itation in the mountains occurring in the winter moi 
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is lai^ely in the fonn of snow, part of which does not melt until the 
spring months, thos maintaining the flow of the streams up to tlu^ 
first of May at a relatively large volume. Occasional thunderstorms 
visit the higher mountains in the summer. They are very violent 
and cause a sudden rise of the streams, which is not maintained. 
The rainfall of the valleys is about 16 inches annually, occurring in 
nongrowing months, there l)eing little or no pn*cipitati(m from April 
1 to November 1. The grades of the drainage lines in th(^ mountuins 
are very steep, affording little opportunity for storage n^servoirs. 
This is particularly unfortunat<% as more than three-fifths of the 
stream flow occurs during the winter months. Tlio Bear Valley 
reservoir is the one exception. It has a capacity at the (JO- foot con- 
tour of 40,470 acre-feet, or 6,5fK) miners' inches (111. 8 second-feet), 
flowing for six months. This water is taken to the Redlands and 
Highlands districts. The works are describe<l in the Nineteenth 
Annual Report of the United States Geological Survey, Part IV, pages 
584 to 598. 

With the exception of San Timoteo and Temescal creeks all of the 
valley streams rise in the Sierra Madre and supply more than 00 
per cent of the water used in the valley. There are threo classes 
of water supply available, viz, surface streams, undergronn<l water, 
and water held in storage reservoirs. The principal stream of south- 
em California is Santa Ana River. From the mouth of its mountain 
canyon to a point 4 miles east of Colton it has a grade of 100 feet to 
the mile, while below that point, to the lower narrows, the grade is 
but 27 feet to the mile. City Creek has a grade for the first 5 miles 
below its canyon of 100 feet to the mile, Lytic Creek a gra<le of 150 
feet, and San Antonio and Cucamonga creeks a grade of 2(M) feet. 
The grades of these streams are still heavier in their granitic moun- 
tain canyons, and during flood stages they have carried down masses 
of sand and bowlders and built delta-like benches or mesas far out 
into the center of the valley, the finer material being conveyed farthest. 
In this way the valley has been filled to a d(»pth of sevei*al hmulied 
I feet. In their course over these deltas the winter floods largely 
disappear iu the detritus near the rim and i>enetrate in part under 
these layers of clay, thus forming reservoirs of ground water of 
unknown but great capacity. The water diverted for irrigation at the 
mouths of the canyons ift also distributed upon porous soils, on steep 
grades, and with other underground bodies of water gravitates on the 
heavy prevailing slopes toward the center of the valley. One and a 
half miles northeast of Colton is an outcropping of clay known as 
Bunker Hill. This is a point on a low clay ridge bearing approxi- 
niately S. 40® E., connecting with the foothills on the south side of 
the valley east of and near the mouth of Reche Canyon and extend- 
^g northwest along the west bank of Lytle Creek. This ridge is th(» 
lower limit of the upper Santa Ana artesian belt. It also serves to 
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force to the surface the return waters from irrigation that are flowinj 
or percolating westward al)ove the clay cap. Six-sevenths of the wate 
of Riverside is obtained from underground sources above this rangi 
of clay hills. This ridge was probably formed by the folding of th 
floor of the valley. 

A somewhat similar condition is repeated south of Chino, at Rincon 
where Santa Ana River has cut its way through the lower Coai 
Range. At this point the underground waters from Cucamonga, Sa 
Antonio, and Temescal creeks as well as the return waters froi 
irrigation near Pomona, Onl>ario, Corona, and Riverside are forced t 
the surface, creating wet lands and rendering a water supply avai 
able for Anaheim, Santa Ana, and Fullerton. Beyond these low< 
narrows there is an open plain to the sea, and the Santa Ana inak< 
no further reappearance, except in an artesian district below the 10 
foot contour. A view of the river below Rincon is shown in PL V, 2 
and a view of the division box of the Santa Ana and Anaheim canal 
which divert water from the river below Rincon, in PI. V, B. 

This artesian and percolating water yields a very uniform flow. Tl 
development works near Colton and San Bernardino draw from th 
reservoir as a spigot draws from a tank. The flow is relatively nn 
form, and the tank is filled by winter floods and by seepage. Tl 
greater portion of the hydrostatic pressure is exhausted in overcomii 
the large amount of friction expended by the water in passing throuj 
the sand, and its flow comes largely under the law of hydraulic 
The capping or uncapping of numerous wells in a neighlwrhood h; 
little immediate effect on the flow of any well until the full di 
charge capacity of the underground conduit is approached. Wh( 
that occurs the water in all of the wells is lowered and pumpii 
must be resorted to. PI. VI {A and B) shows a group of artesij 
wells of the Riverside Water Company near Colton, in the Santa Ai 
River bottoms. In the foreground of PI. VI, J?, is shown anaeratii 
basin. 

The velocity of underground flow is extremely difficult tocomput 
It has been discussed at length by Professor King and Profess 
Slichter, of Mjulison, Wis.,* and by Prof. L. G. Carpenter, of Fo 
Collins, Colo.^* A great deal depends upon the size of the partial 
composing the soil and the way in which they are mixed. C!obbl( 
coarse sand, and sandy soil mixed in equal parts is moro imi>ervio 
than any one of the materials singly. Water percolating uud 
ground for long periods often establishes underground channels fro 
an eighth of an inch to 10 inches in diameter, then ceases to jwrcola 
and begins to flow through them. These conditions tend to confus 
because most of the formulas that have been presented are based < 
soil grains of distinct sizes. 

» Ninotfonth Ann. Ropt. U. S. Geol. Survey, Pt. 11. 

^ Bulletin No. 33 of Colorado experiment station, Fort CoUins, Colo. 
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The flat valley area above Colton comprises 132 square miles, and 
it is reasonable to estimate that 100 square miles of this consists of 
gravel deposits eroded from the mountains. These gravels are of 
unknown but great depths. Numerous wells have been put down to 
a depth of 900 feet, and the writer does not know of bed rock being 
encountered. K this gravel bed is considered to have an average 
depth of 300 feet and the voids or interstices therein are taken at 33 
per cent, the aggregate storage capacity would be 6,400,000 acre-feet. 
It is believed to be greater instead of less than this amount. As the 
water plane is drawn down throughout this mass its capacity to absorb 
subsequent floods at its rim, where the mountain streams debouch, is 
increased. It is a great regulating reservoir, sufficient in capacity to 
carry the irrigation communities through cycles of dry years, to be 
recharged during those of copious rainfall. The observations of the 
elevation of this water plane will be of value in making comparisons 
at a later date to determine whether the present rate of withdrawal 
is permanently lowering it or if in wet years the rainfall is sufficient to 
recharge the reservoir and restore it to its former level. This subject 
is of vital interest to the irrigators of the valley. From data now 
available a continuous withdrawal of 140 second-feet is believed to be 
reasonably safe. 

The water of Warm Creek and of the artesian wells of the Gago 
system has been analyzed by Prof. E. W. Hilgard, of the University 
of California, with the following results : 

Analyses of waiersfrom artesian tcells of the Oage system and from Warm Creek. 

[Composition in 10,000 parts.] 



ToUlreddne 

Soluble part 

Sodium cldoride 

(oommon salt).. 
Sodium sulphate 

(glanber salt)... 
oodiom carbonate 

(soda) 

Potaasinm s n 1 - 

,phate 

loaoluble after 

enporation 

^^vcium sulphate. 



Artesian wells. 


1 

Warm 

Creek 

at mill. 


Group D, 
No. ft. 


Group A. 
No. 2. 


PtrcL 

1.911 

.il8 


Ferct. 

2.^66 

.41S 


Perct. 
2.604 
1.119 


.063 


.091 


.257 


.198 


.318 


.583 


.loe 


.cei 


.200 


.000 


.068 


.080 


1.483 


1.778 
.078 


1.485 
.146 





Calcium carbon- 
ate 

MafiTuesium car- 
bonate 

Silica 

Summary, in 
firrains per gal- 
lon: 

Total residue. 

Soluble part.. 

Insoluble after 

evaporation. 



Artesian wells. 



Group D, 
No. 6. 



Group A, 
No. 2. 



Perct. 
1.017 

.232 
.244 



11.16 
2.44 



8.72 



Perct. 
1.212 

.249 
.239 



13.23 
2.84 

10.38 



Warm 

Creek 

at mill. 



Per ct. 
0.703 

.253 
.324 



15.21 
6.53 



9.67 



In total solids this water compares favorably with that of Los 
Angeles and Eem rivers, and is much purer than the water of the 
coast streams. It carries large quantities of potash salts, and not 
enough calcium carbonate to injure the well-drained lands of the 
Riverside mesa. 
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8MAUL CAKAIiH NEAR COIiTON AND SAN BERNARDINO.' 

DESCRIPTIONS. 

Haws A TcLhnage dt^ch.— This ditch receives its supply from the rising water d 
Warm Creek, and is the first diversion on that stream between Harlem and Babel 
Springs. It is a small earthen ditch, and takes water from the south side or left 
bank of the creek, and distributes it southwest of Harlem Springs. The diver 
sion is by means of a dam. The ditch is three-fourths of a mile long. It is ownec 
and maintained by local ranchers, and is entitled to 50 miners* inches (1 second 
foot) of water. Usually the ditch is cleaned each spring, or whenever it becomei 
so foul that some irrigator can not get as much water as he requires. The wata 
is used for alfalfa and other dairy products. The cost of maintenance of ditche 
of this class is from 50 cents to $1 i>er acre per year. The supply is relatively con 
stant. The ditch was built in 1857, separating its water right from that of tb 
Rabel Dam ditch. During the years 1898 and 1899 this ditch was practically dry 
the only water it received being that pumped from the Harlem swimming poo] 
which is cleaned about twice a week. In June and August, 1899, and in Mardi 
1900 and 1901, the ditch was dry. 

Rahel Dam ditch diverts its water by means of an earthen dam at lot 2, block fiC 
San Bernardino Rancho, on Warm Creek. It is the second ditch on that streani 
As is the case with all of these rising waters, the supply is practically constao 
throughout the year. An agreement, made in October, 1895, between the Rivei 
side Water Company and the owners of the ditch provided for the natural flow o 
water in Warm Creek at the head of the ditch to the amount of 250 miners' inches 
and in the agreement it was stipulated that the Riverside Water Company shoal 
at its own expense build at the head of the ditch an iron weir embedded in 
cement foundation , to measure the water. This was done. The canal is an earthe 
ditch 4.2 miles in length, and has a capacity of 250 miners* inches (5.0 seconc 
feet). It takes its water from the south side of Warm Creek and carries it to th 
southwest of Harlem Springs, irrigating 400 acres of alfalfa, vegetables, and ga: 
den produce. It is owned and operated by local ranchers. It was built in 18.' 
by the Mormon settlers, and is the oldest water right on Warm Creek. On Jni 
20, 1898, it was discharging 5.37 second-feet. During the summer of 1899 the ire 
weir at the head of the ditch was removed by the owners of the ditch, with tl 
consent of the Riverside Water Company. The upper part of the ditch was lo^ 
ered by running it on a flatter gradient to the headworks, with the idea of divertii 
Warm Creek at a lower leveL This plan increased the flow of water for a tin 
but it soon dropped to less than the original flow. 

Shay or Stout Dam ditch,— ^The headworks of this ditch are in the west half 
lot 4, block 60, San Bernardino Rancho, 1 mile north and 3 piiles east of the ci 
of San Bernardino. The diversion is by means of an earthen dam. The supi 
is relatively constant. The canal is li miles in length; it runs west on the noi 
side of the San Bernardino base line and Warm Creek, and irrigates those lant 
The ditch is used the year round, and is cleaned twice a year. The cost of main 
nance to consumers is less that $1 i)er acre per year. It served 210 acres in 1^ 
and 150 acres in 1898. It was built in 1857, and ranks third in its order of wai 
rights to Warm Creek. By a compromise made with the Rit'erside Water Co 
pany in 1895 this ditch is entitled to 112.5 miners' inches of water (2.25 second-fee 
provided there is that amount in Warm Creek at the headworks. During t 
years 1899 and 1900, however, the supply fell considerably below that quantity. 

McKenzie ditch.— The headworks, consisting of a wooden dam. are on Wai 
Creek, the center of lot 8, block 51, San Bernardino Rancho, 2 miles east of t 
city of Sim Bernardino. The supply is relatively constants The ditch was bu 

•The writer is indebted to Mr. Kingsbary Sanborn for most of the data regarding th 
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b irrigates l&nds immediately east of San Bernardino, between City and 
)k8, and 85 acres on the south side of City Creek. The canal is abont 1 .3 
3gth. It is an earthen ditch bnilt in sandy loam, with a flat grade, and 
nd operated by local ranchers. It is said to lose 33 per cent of its vol- 
)page. The owners claim all of the water of Warm Creek at the point 
n, but the Riverside Water Company claims that their right is limited to 
il capacity of the ditch, which was 100 miners* inches (2.0 second-feet), 
is still in litigation. It has lately been enlarged. Three handred acres 
md gardens are irrigated. Cost of maintenance is prorated and amounts 
cents per acre per year. On June 20, 1808, it was discharging 127 
shes (2.54 second- feet). 

Daley ditch.— This ditch originally diverted its water from the lower 
urm Creek, and the AguA Mansa, Juaramillo, and San Salvador canals 
' from Santa Ana River, southeast of Colton. The owners of these four 
cleaning them out each year, gradually enlarged their sections, to the 

of the Riverside Water Company, which company instituted suit 
em to restrict their diversion. To avoid a protracted lawsuit and 
OSS of water by seepage in sandy channels, a compromise was arranged 
which the Riverside Water Company agreed to build and deliver to the 

these ditches a cement-lined canal, estimated to cost $30,000, which 
iver from this conduit, at certain stated points, the following amounts 

Ditches to be supplied by cement-lined canal. 



Name of ditch. 


Original source of 
supply. 


Water 
guaranteed. 


oy - 


Warm Creek ,. 

Santa Ana River — 
.. do 


Minert" inches. 

400 

50 




2f^) 


r 


do 


12.'> 


K>ration (estlimiti^ ) . ........ .... 




25 










850 









al was built by the Riverside Water Company at a cost of $37,281. All 
ftining available from the sources of these canals belongs to that com- 
1885 the Meeks & Daley Water Ck>mpany was incorporated, with a 
Qk of $78,000 divided into 780 shares, t > handle these combined waters. 
Iworks of the new canal were located 1 A miles northeast of the town of 
I a half mile east of Bunker HilL The head works of the Meeks & Daley 
ist of a well-constructed brush dam across Warm Creek, which diverts 
bo a weir at the head of the ditch. At the weir the ditch is 10 feet wide 
torn and 1^ feet deep, with side slopes of U to 1, gradually contracting 
lal size at station 28, which is 3 feet wide on the bottom, 5 feet wide 
top, and 2 feet deep. The sides are of rubble masonry, with a 3-inch 
Dttom, and the whole inside is plastered with cement mortar a half inch 
e supply is from Warm Creek and is very constant in volume. Under 
ict the Riverside Water Company made a saving of from 100 to 200 
;hes (2 to 4 second-feet). The canal built by them is about 3^ miles 
It runs through the southern side of the town of Colton and around 
side of Slover Mountain, being on the north or right bank of Warm 
Santa Ana River. It is owned by a stock company of local ranchers, 
I of the stock carrying with it a water right to some certain piece of 
lich it is appurtenant. The water is used largely for the irrigation of 
ts. 
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The Agna Mansa ditch is an extension of the Meeks & Daley ditch throogb the 
Agna Mansa and San Salvador districts. It is of the same construction as Um 
Meeks & Daley ditch, but is smaller, being 2 feet on the bottom and from 1 foot to 
U feet deep, according to the grade, with side slopes of i to 1. Very little of tiie 
original Ag^a Mansa land is now irrigated, as the irrigation on the mesa has ooi- 
verted the land into a bog hole, nntit for caltivation. and many shares of water 
have been sold to ranchers in West Riverside, who now own the controlling inter- 
est and are using the water on their lands. 

Beam ditch derives its water from a cienaga tributary of Warm Creek in lot 14, 
block 43, San Bernardino Rancho. The ditch is about a mile in length. The 
water is diverted by means of a brush dam, and flows in a southwesterly diiee- 
tion, irrigating the land lying west of Warm Creek, in blocks 43 and 44 of 
the San Bernardino Rancho. The ditch has an apparent capacity of 45 miners' 
inches, and irrigates about 100 acres of land. On June 20, 1898, it was flowing 
0.67 second- foot in the flume near the bead works. 

Timber ditch. — This was one of the first canals constructed in San Bernardino ^ 
Valley. It diverted its water from Santa Ana River near the center of sec. 8, T. 1 j 
S., R. 3 W. The water rights of this canal were transferred by individual ownon 1 
to the North and South Fork canals of Highlands and Redlands, and at the pies- j 
ent time it is practically abandoned. The water was applied to the lands between ^ 
the city of San Bernardino and Santa Ana River. It was entirely dry during the 
sunmiers of 1898 and 1899. At its head works there is a flume intake 4.3 feet wide 
and 2 feet deep, also a crib diversion dam. This ditch is described in the Nine- 
teenth Annual Report of the United States G^logical Survey, Part IV. 

Logsdon <Sb Farrell or Waterman diicJi. — The Logsdon & Farrell ditch makes its 
diversion from the south side of City Creek, a mile east of the city of San Bernar- 
dino, by means of a flume 2 feet wide and 1 foot deep and a rough sheet* pile dam. 
The canal is three-fourths of a mile in length, and its water is used southeast of 
the city. About 80 acres of gardens are irrigated. On June 29, 1898, there was 
flowing in this ditch ^8G miners* inches (0.72 seco nd-foot) j>f water.y This ditch is 
a combination of the Waterman, Logsdon-Farrell, and brooks ditches. 

Whit lock ditch, — This ditch takes its water from the north bank of (.Hty Creek . 
2 miles east of the business i>ortion of the city of San Bernardino, and is abont a 
half mile in length. At the place of measurement it is a flume 1.5 feet wide and 
0.8 foot deep, and on June 29, 1898, it was discharging 12 miners' inches, or 24 
second-foot. Its water is used to wash vegetables, and it is mingled with the 
waters of the McKenzie ditch and used on Chinese vegetable gardens. 

Daley ditch, — This ditch diverts water three- fourths of a mile east of the busi- 
ness portion of the city of San Bernardino and about one-fourth of a mile east 
of the junction of Warm and City creeks, from tha north side of the latter creek, 
crosses to the south side of that creek, and distributes its water on 40 acres of 
block 6 of the San Bernardino Rancho. It is about a half mile in length. The 
flume crossing City Creek is 1 foot wide and 1 foot deep. On June 29, 1898, it vnfi 
carrying 31 miners' inches (0.62 second- foot). 

Mclntyre ditch,— This canal makes its diversion from the south or right bank of 
Lytle Creek, near the southwest corner of the city of San Bernardino, and receives 
its supply from the return water of that creek. It is approximately 1 mile in 
length, and distributes its water on the south side of Lytle Creek, between ColtoD 
avenue and Mount Vernon avenue. It is an eight-day ditch, and is owned by local 
ranchers, who maintain it for about 70 cents per acre per year. About 30 acres aro 
irrigated for alfalfa. During the years 1898, 1.S99, 1900, and 1901 the ditch was drf • 

Whiting ditch also derives its supply from the return water of Ljrtle Creek, ao^ 
distributes it on the adjoining lands of D. G. Whiting, who owns the ditch. ^^ 
June 27, 1898, it was carrymg 15 miners' inches (0.30 second-foot). Twenty-fi^® 
acres of pasture are irrigated. 
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FvrgwKm water. — ^ThiB is a 2i-miner8* inch right in Ranchero ditch, which 
DmeB from Baynor Springs. The water is nsed aronnd Bloomington. 

Ward A Warren ditch, — This is one of the oldest ditches on Santa Ana River, 
nd is the outgrowth of the Warren- Warner ditch, the Jansen ditch, and the 
rifte water from the Hunt & Cooley ditch. The ditch originally took its 
rater from Santa Ana River near the east end of the Southern Pacific Railway 
iridge, in lot 8, block 64. San Bernardino Rancho, bnt during the flood of 1802 the 
luun cliannel of Santa Ana River was changed to a point about a half mile to the 
Kirth, and the following spring the Ward & Warren ditch was extended to the new 
faannel of the river. The water is now diverted by means of a rough sand and 
ffQflh dam in the westerly part of lot 2, block 64, San Bernardino Rancho. 

Daring the years 1888 and 1889 this ditch was considerably enlarged and the 
rater spread over a greater area. The Riverside Water Company, which had 
:een using the water of Santa Ana River for years, brought sait against the own- 
n of the ditch, to restrain them from using all the water in Santa Ana River at 
lieir headworks, claiming that they were entitled to only the original capacity of 
ibe ditch. 

The case came to trial February 26, 1890, the decision being that the owners of 
9ie ditch are entitled to the water flowing from Santa Ana River at the head of 
the Ward & Warren ditch to the extent of 309 miners' inches (6.18 second-feet), 
measured under a 4-inch pressure, the measurement to be made from the center 
of the orifice, and that the Riverside Water Company is the owner and entitled 
to the use of the remainder of the water flowing in Santa Ana River at the head of 
the Ward & Warren ditch. The court further decreed that the owners of the 
Ward & Warren ditch are entitled to have from the Rice & Thome tracts (which 
are owned by the Riverside Water Company) on Santa Ana River water to the 
amoant of 78.18 miners* inches (1.56 second-feet), measured under a 4-inch pres- 
sors from the center of the orifice, when necessary to make up the 309 miners* 
inches. This 78.18 miners* inches was the overflow from the fish pond of a cienaga 
located on their lands, the stream of which is one of the natural tributaries of 
Smta Ana River. This pond, owing to the dry season and the development of 
artesian water in that neighborhood, is now almost dry, and the 78.18 miners' 
inches delivered to the Ward & Warren ditch is now practically all artesian water. 
The line of the ditch is located through the dry and sandy bed of Santa Ana 
Hiver and loses a large percentage of its water before reaching the first point of dis- 
tribntion. In June, 1898, this ditch was receiving from the Rice-Thomo canal 
1.60 second-feet of water and from Santa Ana River 0.72 second-foot. 

North Riverside or Juritpa canaL— The Jurupa canal, sometimes called the 
North Riverside, derives its water from different sources: (I) From a covered 
flnme in the Santa Ana River bottom, in lot 3, block 88, San Bernardino Rancho, 
ftbove Colton avenue crossing; (2) from sarface development in two cienagas in 
lot 2, block 88, San Bernardino Rancho; and (3) from the Salazar water. The 
^azar water was originally diverted from the bed of Santa Ana River. 

The Riverside Water Company agreed, because of the priority of the Salazar 
^ht, to permit the water for this ditch, to the extent of 75 to 100 miners* inches 
(1-5 to 2 second-feet) , to pass its headworks and be conveyed by a sandy river bed 
to the Salazar headworks. In order to prevent the loss by seepage and evapora- 
^on in the river bed, the Riverside Water Company now delivers into the Jurupa 
flnme 75 miners* inches (1.5 second-feet), in consideration for which it diverts all 
0^ the water at the headworks of its canaL All of these developments occur east 
o' the Colton avenue crossing of Santa Ana River. The ditch which is now 
^ed the Rubidoux ditch is generally known as the Jurupa ditch, and diverts 
**>^ter from Santa Ana River just north of the point where the county line 
^*tween Riverside and San Bernardino crosses the lands of the Rubidoux ranch. 
^ ditch now known as the Jurupa, belonging to the North Riverside Land 
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and Water Company, diverts a portion of its water from an nndergronnd Aim 

in the bed of Santa Ana River a short distance east of the Colton avenue bridg 

On Jnly 1. 18U8, the canal was flowing 7.11 second-feet at the Colton ayeni 

crossing. This inclndes the 75 miners* inches (1.50 second-feet) of Salazar wate 

The main canal is 17 miles in leng^th. The company owns the land upon whic 

the water is distributed, and claims the right to develop all the water avai 

able at its headworks. The first 350 miners* inches (7 second-feet) bdoi 

to settlers to whom the company had sold water and land. The Jnmpa dit( 

carries 75 miners* inches from the Riverside Water Company *8 flume, and tfa 

water is known as the Salazar right. It is measured at the junction of the Bivc 

side Water Company's flame with the North Riverside and Junqia cam 

Agna Mansa water enters the Jurupa canal from the Meeks & Daley dHch 1 mi 

southwest of Slover Mountain, and Is carried by it to the San Salvador distrii 

The Temescal tin mine syndicate has a run of dOO miners* inches (4 8eoond-fe( 

for twenty-four hourH every eighth day through the Jumpa ditch. Ordinar 

the Jurupa ditch contains — 

Miners* Seoood- 
inohes. feet 

Agua Mansa water 850 (7.0) 

Salazar water 75 (1.5) 

SanU Ana River water 350 (7.0) 

Total 775 (15.5) 

The following measurements have been made: 

Miners* Seoond- 
incheA. feet 

July 1,1898, Jurupa flume at Colton avenue 355 (7.11) 

June 18, 1898, Jurupa flume below Agua Mansa junction, 

including Agua Mansa water 091 (13.8;i) 

August 27, 1898, Jurupa flume at Colton avenue, below 

AgvLh Mansa junction, including Agua Mansa water.. 509 (10. 18) 

During the year 1897 the assessments to the owners of the Jurupa ditch amoun 
to $0.54 per miners* inch. They charge $3.27 per inch per year for carrying A| 
Mansa and other water. 

The canal is located around a rock hill immediately above the old upper ca 
of the Riverside Water Company and crosses the river in a flume on a tre 
2,460 feet in length, shown in PI. VII, B. Then for 2 miles the water is flux 
along a bluff on the north bank of the river, after which it passes through a t 
nel 4,000 feet long into an open ditch 3 miles long, and thence to the Jur 
mesa lands. The Jurapa Land and Water Company wjis incorporated in M 
1888, with a capital stock of $3,500,000, divided into $100 shares. 

Hunt d* Cooley or Camp Carlton ditch,— This was originally one of the 6U 
diversions on middle Santa Ana River. It was taken out in 1859, and had f 
era! headings in the river, which were washed out by floods, until the ti 
one was mai^.e at about the point where the Gage canal started to divert its wa 
and it remained there until the year 1S87, when the managers of the Gage C8 
agreed with the owners of tho ditch to bore wells and develop for them130min 
inches of water, and to receive in return what they thought to be the right to 
the water flowing in Santa Ana River at the headworks of this ditch. This let 
a long and expensive lawsuit with the Riverside Water Company, who conten* 
that the Gage canal was entitled to only an amount of water equal to the origi 
capacity of the canal, which was 200 miners' inches. It resulted, however, in 
courts allowing the Gage canal the right to 208.5 miners' inches of the flow 
Santa Ana River at the headworks of their canal. 
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DISCHARGE MEASUREMENTS.* 

Hairs <£r Tcilmage ditch.— On June 7, 1898, 0.84 second-foot was flowing in this 
ditch near the headworks. The area of the water section was 0.9 square foot, the 
surface velocity 1.83 feet per second. Measorements were made hy floats. 
Coefficient 70 per cent. 

September 14, 1898, all of the water in Warm Creek at the head of the ditch was 
passed through the waste gate; by weir it measured 0.48 second-foot. The weir 
was 4.6 feet long, the head 0.094 foot, two full contractions, velocity of approach 
less than 0.5 foot per second. 

March 2, 1899, a weir was put in near the head of the ditch, and the discharge 

measured 0.28 second-foot; length of weir 1 foot, head 0.2 foot, velocity of approach 

lees than 0.5 foot per second, two full contractions. 

In June and August, 1899, and in March and on June 12, 1900. the ditch was dry. 

Rabel Dam ditch.— Beptdmher 14, 1898, at 2.10 p. m., this ditch was diverting 8.07 

seoond-foet over the iron weir at the headworks, which was all of the water in 

I Warm Creek at that point. The weir is 4 feet long, the head was 0.88 foot, two 

full contractions, velocity of approach less than I foot per second. 

March 2, 1899, the ditch was discharging 2.86 second-feet at the head; length of 
weir 4 feet, head 0.81 foot, velocity of approach less than 1 foot per second, two 
full end contractions. This was all of the water in Warm Creek at the point of 
diversion. 

June 16, 1899, at 1.45 p. m., this ditch was discharging 1.54 second-feet; bead 
0.24 foot, length of weir 4 feet, two full end contractions, velocity of approach less 
than 0.5 foot per second. 

During the summer of 1899 the iron weir at the head of the ditch was removed 
by the owners of the ditch, with the consent of the Riverside Water Company. 
Ilie upper part of the ditch was lowered by running oti a flatter gradient to the 
headworks, with the idea of diverting Warm Creek at a lower level. This plan 
iocreaaed the flow of water for a time, but it soon dropped to less than the original 
flow. 

August 25, 1899, the discharge measured 0.94 second-foot; the water area waa 
0.9 square foot, the surface velocity 1.5 feet per second. 

March 15, 1900, the 4-foot iron weir was again in place; the discharge measured 
OM second-foot, the head was 0.12 foot, and there was no perceptible velocity of 
•PProach. 

June 12, 1900, at 12 m., the discharge measured 0.85 second-foot at the headworks 
^oir; length of weir 4 feet, head 0.09 foot, velocity of approach less than 0.5 foot 
I*r second, two full end contractions. 

^ay or Stout Dam ditch. — On June 20, 1898, the volume in this canal measured 
^•30 second-feet; length of weir 2 feet, head 0.502 foot, velocity of approach 0.7 
'oot per second, two end contractions. 

^ptember 14, 1898, at 1.55 p. m., the discharge over the same weir was 2.08 
^^^nd-feet. Being at the end of the irrigating season the ditch had not been 
^'eaned and was very foul. The tail water was higher than the crest of the weir 
y 0.108 foot, causing the weir to be submerged. Head 0.5 foot, two end contrac- 
tions, velocity of approach less than 0.5 foot per second. Fteley and Stearns's for- 
***^la was used. 

March 2, 1899, the discharge over the same weir was 2.28 second-feet; head 0.5 
^t, two end contractions, velocity of approach less than 0.5 foot per second, 
"^^ne 16, 1899, at 2.10 p. m., the discharge was 1.18 second- feet. The ditch was 
^^^ foul, and the weir was submerged 0.820 foot; head 0.406 foot, velocity of 
'^Pl^i'oach less than 1 foot per second. 

. ^ moASiiremeDts were made by Mr. Kingabnry Sanboro, of Riverside, except where stated 
^ contrary. 
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Angcist 25, 1899, at 2.15 p. m., the discharge measured 0.9 second-foot, head 0.37 , 
foot, two end contractions, velocity of approach less than 0.5 foot per second. 

A few months previons to March 15, 1900, when a measurement was made, the j 
owners of the Shay ditch relocated the ditch, starting from the headworks and \ 
taking it to higher gronnds, which caused the water to back entirely over the 
weir, BO that it became necessary to make a float measurement. The water 
area was 1.45 square feet, surface velocity 0.5 foot per second, discharge 0.507 
second- foot, coefficient 70 per cent. 

On June 10. 1900, at 1.10 p. m. , the discharge was 0.4 second-foot about 200 feet 
be'ow the dam across Warm Creek; sectional area 1.7 square feet, surface velocity 
0.34 foot per second, coefficient 70 "per cent. 

McKenzie ditch.— On June 20, 1898, a float measurement was made. The area of 
the section was 2.90 square feet, surface velocity 1.25 feet per second, coefficient 
70 per cent, discharge 2.54 second-feet. 

September 12, 1898, at 2.30 p. m., the discharge a half mile below the headworks 
measured 2.08 second-feet. The sectional area was 5.2 square feet, the velocity of 
approach 0.64 foot per second, coefficient 70 per cent. 

March 2, 1899, the discbarge measured 9.4 second-feet at the same point as the 
last measurement; the sectional area was 4.9 square feet, surface velocity 2.77 feet 
per second, coefficient 70 per cent. 

June 16, 1899. at 2.45 p. m., the discharge measured 3.86 second- feet about 150 
feet below the head works on Warm Creek; the sectional area was 1.9 square feet» 
surface velocity 2 feet per second, coefficient 70 per cent 

August 22, 1899, there was flowing in the ditch at the same point as the last 
measurement 2 second- feet; the sectional area was 4.1 square feet, the surface 
velocity 0.7 foot per second, coefficient 70 per cent. 

March 16, 1900, the discharge measured 2.3 second-feet about 250 feet below the 
head works on Warm Creek; the sectional area was 3.3 square feet, the surface 
velocity 1 foot per second, coefficient 70 per cent. 

June 19, 1900, at 1.10 p. m., the discharge measured 1.57 second-feet about 150 
feet below the head works dam; the sectional area was 2.2 square feet, the surface 
velocity 1 foot per second, coefficient 70 per cent. 

Meeks & Daley (2e7c/i.— Measured on June 20, 1898, the discharge at the head- 
works weir was 8.42 second-feet (421 miners' inches); length of weir 6 feet, head 
0.525 foot, two end contractions, velocity of approach less than 0.5 foot per second. 

Measured on March 2, 1899, at the head works weir the discharge was 17 second- 
feet; length of weir 6 feet, head 0.917 foot, two end contractions, velocity of 
approach less than I foot per second. 

June 26, 1899, the discharge at the head works weir was 15.48 second- feet, the 
head 0.845 foot, two end contractions. 

August 25, 1899, the discharge at the headworks weir was 10.45 second-feet, head 
0.659 foot 

March 1, 1900, the weir was submerged 0.28 foot; the discharge was 13.94 second- 
feet; length of weir 6 feet, head 0.84 foot, velocity of approach less than 1 foot p« 
second. 

June 19, 1900, at 4 p. m., the discharge measured 13.78 second-feet at the bead- 
works weir, which was submerged 0.415 foot; the velocity of approach was less 
than 1 foot per second, length of weir 6 feet, head 0.875 foot, two end contractions. 

Logsdon & Farrell ditch, — Measured near headworks on June 29, 1898, by J. B. 
Lippincott and K. Sanborn. Area of section 0.878 square foot, mean velocity 0.824 
foot per second, coefficient 80 per cent, discharge 0.72 second-foot. 

In September, 1898, the discharge was 0.63 second-foot at the same place. 

March 1, 1899, 1.61 second- feet of water was in the flume near the headworks. 

This ditch is flat, and it is impossible to put in a weir without losing a large per- 

centage of the water, so that it became neeeasary to make float measurements. 

^ ~4tb of the flame is 2 feet, the deplVi ot tYi^ -weXwt ^A iooJc, «»(^\!ksyckal area 
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1.41 square feet» surface Telocity 1.48 feet per second, coefficient 80 per c^nt. The 
flame was in fair condition. 

June 27, 1899, the discharge measared 1.15 second-feet at the same place; depth 
ef water 0.71 foot, surface velocity 1 foot per second, sectional area 1.44 sqnare 
Ibet, ooef&cient 80 "per cent. 

August 25, 1899, the discharge measared 0.54 second-foot in the flnme near the 
headworks, which was in fair condition. The depth of water was 0.56 foot, sur- 
face velocity 0.6 foot per second, sectional area 1.12 square feet, coefficient 80 per 
cent 

March 15, 1900, the discharge measured 1 . 26 second-feet at the same place. There 
was a deposit of sand in the hottom of the flume, and the depth of water was as 
KoHows: Side 0.82 foot, center 0.86 foot, and opposite side of flume 0.84 foot. The 
•nrface velocity was 1 foot yer second, coefficient 75 per cent. 

June 23, 1900, the discharge measured 0.49 second-foot in the ditch near the 
hetdworks dam: sectional area 0.9 square foot, surface velocity 0.77 foot per sec- 
ond, ooefficient 70 per cent. 

Beam <ftYc/i.— Measured June 30, 1898, 300 feet below headworks, by floats. Area 
of section 1.08 square feet, mean velocity 0.63 foot per second, discharge 0.67 
Kccmd-foot. 

March 2, 1899, discharge measured 0.72 second-foot in the flume near the head- 
works. This ditch is very flat, and it is impossible to put in a weir and get satin- 
iiMStory results; for that reason float measurement was made. The water area 
was 1.5 square feet, the surface velocity 0.6 foot per second. The flume was in 
Curly good condition. Coefficient 80 per cent. 

June 27, 1899, measured in the same flume as the last measurement. Discharge 
Qi52 second-foot, width of flume 1.38 feet, depth of water 0.93 foot, surface velocity 
0.5 foot per second, coefficient 80 per cent. 

August 25, 1899, the discharge at the same place measured 0.4 second-foot, the 
depth of water was 0.84 foot, surface velocity 0.5 foot per second. Flume in fairly 
good condition. Coefficient 80 per cent. 

March 15, 1900, the discharge measured 0. 68 second-foot, same place, same con- 
ditions. The depth of water was 0.62 foot, the surface velocity 1 foot per second, 
coefficient 80 per cent. 

June 14, 1900, at 2 p. m., the discharge measured 0.5 second-foot at the same 
piece; the sectional area was 1.14 square feet, the surface velocity 0.59 foot per 
Koond, coefficient 75 per cent. 

Upper canal of Rii^ernde Water Company, — On June 30, 1898, the discharge 
orer the headworks weir (see PI. IX) was 59.04 second-feet. There are three 
Weirs, with end contractions, each 9^ feet long. Head equals 0.677 foot, velocity 
of approach 1.12, 2.18, and 1.94 feet per second, respectively. 
February 28, 1899, the discharge was ()0.58 second-feet, the head 0.843 foot. 
June 26, 1899, the discharge was r):{.))2 second-feet, the bead 0.686 foot. 
August 31, 1899, there were 52.04 second-feet of water flowing over the head- 
works weir, and the head was 0.67 foot. 
March 21, 1900, there were 61.94 second-feet flowing. Head 0.755 foot. 
June 23, 1900, at dp. m., the discharge at the headworks weir measured 52.94 
second-feet; the head was 0.68 foot, average velocity of approach 0.77 foot per 
second, full contractions. 

Lower canal of Rivertfide Water Company. — Meter measurement on June 17, 
1898, at 4 p. m., as determined by Mr. F. H. Olmsted, was 9.27 second-feet 

June 18, 1898, at 10 a. m«, Mr. Olmsted made a meter measurement and found 
a discharge of 11.27 second-feet. 

June 27, 1898, there were 10.83 second-feet of water flowing in the flume just 
below the intake at Santa Ana River. The sectional area was 4.18 square feet, 
the velocity 3.24 feet per second, coefficient 80 per cent. 
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September 2, 1898, there were 7.7 seoond-feet of water flowing at the same plic& 
The water area was 8.84 square feet, the velocity 2.5 feet per second, coefficknt 
80 per cent. 

March 10, 1890, there were 16.20 second-feet flowing over the weir at the end of 
the flame. Length of weir 5 feet, head 1.01 feet, two full end contractions, veloo- J 
ity of approach less than 1 foot per second. { 

June 28, 1899, the discharge at the same place measured 9.00 seoond-feet. the ^ 
water area was 8.63 square feet, the surface velocity 3.12 feet per second, coefficient j 
8 J per cent. J 

ISeptember 1, 1899, the discharge in the flume measured 7.88 second-feet, Uie f 
water area was 3.88 square feet, the surface velocity 2.77 feet per second, ooefr 
cient 80 per cent. 

June 28, 1900, at 9.05 a. m.. the discharge measured 7.16 second-feet in the ^ 
flume; sectional area 8.4 square feet, surface velocity 2.68 feet per second, coeffi- 
cient 80 per cent. 

Gage canal, — On June 29, 1898, this canal was measured at its intake from , 
Santa Ana River. The discharge was 1.16 second-feet over a weir 5 feet long, 
head 0.17 foot, velocity of approach 0.5 foot per second, no end contractions. 

March 7, 1899, the discharge measured 0.72 second-foot, length of weir 5 feet, 
head 0.125 foot, velocity of approach less than 1 foot per second, no end contno- 
tions. 

June 20, 1899, the discharge over the same weir measured 0.24 second-foot, head 
0.06 foot. 

Augpist 25, 1899, the discharge over a weir 1 foot in length measured 0.64 second- 
foot, head 0.85 foot, velocity of approach less than 1 foot per second, two full con- 
tractions. 

^^arch 1, 1900, the discharge over the same weir measured 0.895 second-foot, 
head 0.25 foot. 

June 7, IJOU, the discharge measured 0.29 second-foot over same weir, head 0.8 
foot, velocity of approach less than 0.5 foot per second, two full end contractions. 

Qage canal at Palm avenue xceir, — June 80, 1898, Mr. K. Sanborn and Mr. J. B. 
Lippincott measured the flow over the weir, and obtained a discharge of 27.42 
second-feet. The weir was 18.84 feet in length, with a head of 0.7 foot. There 
were two contractions. The velocity of approach was 1.4 feet per second. The 
level of the water below the weir was the same as the elevation of the crest, or 
knife edge. 

September 21 , 1898, there were 26.288 second-feet of water flowing over this weii' 
The head was 0.709 foot, the velocity of approach 1 foot per second, two full con- 
tractions. 

March 7, 1899, the discharge over the weir measured 27.4 second-feet, head 0.73 
foot, velocity of approach less than 1 foot per second. 

June 26, 1899, the discharge measured 25.46 second-feet, head 0.69 foot. 

August 15, 1899, the discharge measured 24.11 second-feet, head 0.67 foot. 

March 21, 1900, the discharge measured 22.86 second-feet, head 0.689 foot 

June 7, 1900, the discharge measured 22.52 second- feet, head 0.64 foot, velocity 
of approach less than 1 foot per second. 

Daley diYc/i.— Measured at 5.15 p. m. on June 29, 1898, by J. B. Lippincott and 
K. Sanborn. Discharge in flume across City Creek was 0.68 second-foot, water 
area 0.4 square foot, surface velocity 1.95 feet per second, coefficient 80 per cent 

September 12, 1898, at 11.30 a. m., the discharge measured 0.67 second-foot; 
water area 0.42 square foot, surface velocity 2 feet per second, coefficient 80 pfi' 
cent. 

March 1, 1899, the discharge measured 0.71 second-foot, the water area 0.354 
square foot, surface velocity 2.5 feet per second, coefficient 80 per cent. 
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June 27, 1899, the diaoharge messiired 0.51 seoond-foot, water area 0.83 aqnare 
foot, rarfooe velocity 2 feet per aecond, coefficient HO per cent. 

Angnst 28, 1899, the diacharge measured the same as on Jnne 27, 1899. 

March 15, 1900, the diacharge meaanred 0.72 second- foot, water area 0.4.*) B(inare 
foot, surface velocity 2 feet per aeoond, coefficient 80 per cent. 

Jnne 23, 1900, at 12 m., the diacharge meaanred 1.12 secoud-feet, the sectional 
area 0.28 aqnare foot, the anrface velocity 5 feet per second, (coefficient K) i>er cent. 

Melntyre ditch, — Jnne 12, 1898, at 4.25 p. m., the discharge measured 0.37 second- 
foot in flume near the head; the water area was 1.48 square feet, surface velocity 
8L5 feet per second, coefficient 80 per cent. 

Septemher 14, 1898, the discharge measured 0.088 second-foot over a weir near 
the headworka, which waa 0.5 foot in length; head 0.08:i foot, no velocity of 
approach, two full end contractions. 

March 1, 1899, the diacharge meaanred 0.82 second-foot over a weir 1 foot in 
Ifligth; head 0.45 foot. 

Jinie23, 1899, the discharge over the same weir measured 0.149 second-foot; 
kad 0.18 foot 

Angust 26, 1899, there waa no water flowing. 

March 16, 1900, the diacharge over the aame weir measured 0.143 second-foot; 
kad 0.126 foot 

Jnne 12, 1900, the discharge over the same weir measured 0.01 second- foot; head 
0.036 foot, two full contractlona, velocity of approach leaa than 0.5 foot per aecond. 

Whiting ditch, — June 27, 1898, the diacharge meaanred 0.26 second-foot over a 
weir 1 foot in length near the headworka; head 0. 19 foot, velocity of approach leaa 
tbiD 0.5 foot per aecond, two full end contractions. 

September 14, 1898, the diacharge measured 0.01 second-foot over a weir 0.5 foot 
in length; head 0.086 foot, velocity of approach less than 0.05 foot yter second, two 
foil end contractions. 

March 1, 1899, the discharge measured 0.76 second-foot over a weir 1 foot in 
kigth: head 0.395 foot, velocity of approach less than 0.5 foot per second, two 
Adl end contractions. 

Jone 27, 1899, the diacharge over the same weir measured 0.240 second-foot; 
kad 0.182 foot 

Angoat 20, 1899, the diacharge over the same weir measured 0.009 second- foot; 
h^ 0.02 foot 

March 1, 1900, the diacharge over the same weir measured 1.12 secoud-feet; 
l»id 0.522 foot. 

Jnne 12, 1900, the discharge measured 0.13 second-foot over the same weir; head 
0*12 foot, velocity of approach less than 0.25 foot per second, two full end con- 
t^actioDs. 

Sttamp ditch- — September 1, 1898, there were 1.02 second- feet flowing in fluiue 
to the Riverside Water Company's Rice-Thome flume; the water area was 0.32 
*inare foot, the anrface velocity 3.5 feet per second, coefficient 80 per cent. 

February 28, 1899, the discharge measured 0.85 second- foot over a weir at the 
fi^ distributing box; length of weir 1 foot, head 0.427 foot, velocity of approach 
^thian 0.5 foot per aecond, two full end contractions. 

Jnne 20, 1899, the discharge over the same weir measured 0.77 second-foot; head 
0.4 foot 

Angust 30, 1899, the discharge over the same weir measured 0.69 second-foot; 
^»ead 0.37 foot. 

March 21, 1900, the discharge over the same weir measured 0.7 second-foot; head 
0.374 foot. 

Jone 7, 1900, the discharge over the same weir measured 0.89 second-foot; head 
0*^ foot, velocity of approach less than 0.5 foot per second, two full end 
^tractiona. 

IRR 59—02 8 
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Ranehero ditefu — September 22, 1896, at 1 p. m., the discharge measured 1.6 
second-feet over a weir in the cement ditch on the Raynor ranch; length ci mj 
4 feet, head 0.25 foot, velocity of approach less than 0.5 foot i>er second, twofol 
end contractions. 

March 13, 1899, the discharge measured the same over the same weir. 

Jane 28, 1899, at 4.80 p. m., the discharge over the same weir measured 1 seood 
foot; head 0.18 foot. 

Angnst 26, 1899, the discharge over the same weir measured 0.41 second-fbo 
head 0.1 foot. 

March 17, 1900, the discharge over the same weir measured 0.24 second-foo 
head.0.07 foot. 

June 12, 1900, the discharge measured 0.55 second-foot in the ditch; sectiooi 
area 0.74 square foot, surface velocity 1 foot per second, coefficient 75 per ceni 

Ward A Warren ditch.— la June, 1898, this ditch was receiving from the Bio 
Thome canal 1.60 second-feet of water and from the river 0.72 second-foot 

March 10, 1899, there were 8.09 seoond-feet flowing over a weir 8.38 feet i 
length near the head of the ditch; head 0.484 foot, velocity of approach less fha 
0.5 foot per second, two full end contractions. 

June 20, 1899, the discharge measured 0.615 second-foot over a weir 1 foot I 
length near the head works; head 0.84 foot, velocity of approach less than 0.5 fo 
per second, two full end contractions. 

August 30, 1899, the discharge measured 1.56 seoond-feet over a weir 2 feet ; 
length near the headworks; head 0.38 foot, velocity of approach less than 0.5 fo 
"per second, two full end contractions. 

March 19, 1900, the discharge measured 2.55 second-feet over a weir 8 feet : 
length at the head of the ditoh; head 0.41 foot, velocity of approach less than 
foot per second, two full end contractions. 

June 23, 1900, the discharge measured 1.7 second-feet in the ditch just bek) 
the dam across Santa Ana River; sectional area 1.95 square feet, surface velodi 
1.25 feet per second, coefficient 70 per cent 

Mill flume of Riverside Water Company, — June 15, 1898, there were 8.12 secow 
feet flowing at the end of the flume near the old Colton mill; water area 1.' 
square feet, surface velocity 2.22 feet per second, coefficient 80 per cent. 

September 12, 1898, at 3.85 p. m., there were 3.36 second- feet at the same plao 
water area 1.68 square feet, surface velocity 2.5 feet per second. 

February 28, 1899, there were 5.3 second-feet at the same place; water an 
2.208 square feet, surface velocity 3 feet per second, coefficient 80 per cent. 

June 26, 1899, the discharge measured 7.29 second-feet at the same place: wat 
area 3.04 square feet, surface velocity 3 feet per second, coefficient 80 [)er cent 

August 80, 1899, the discharge measured 2.56 second-feet at the same plac 
water area 1 .6 square feet, surface velocity 2 feet per second, coefficient 80 per cei 

March 9, 1900, the discharge measured 2.67 second-feet; water area 1.53 sqna 
feet, surface velocity 2.2 feet per second, coefficient 80 per cent. 

June 7, 1900, the discharge measured 2.17 second-feet; sectional area 1.36 sqna 
feet, surface velocity 2 feet per second, coefficient 80 per cent. 

Colton inillpump of Riverside Water Company, — June 15, 1898, there werel. 
second- feet flowing over the weir at the old Colton mill; length of weir 4.015 fe< 
head 0.276 foot, no end contractions, velocity of approach less than 1 foot p 
second. 

September 1, 1898, there were 2.04 second-feet flowing over the same weir; bei 
0.286 foot. 

June 26, 1899, 1.77 second-feet were flowing over the. weir; head 0.26 foot. 

August 31, 1899, 1.67 second-feet were flowing over the weir; head 0.25 foot. 

June 7,1900, the discharge over the weir measured 1.88 second-feet; head 0. 
foot, velocity of approach less than 1 foot per second, no end contractions. 
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iotiip Ckiriton ditch. — June 90, 1898, at 4.90 p. m., 0.61 seoond-foot was flowing 
r the weir at the Waterman avenue crossing: length of weir 3.83 feet, head 
16 foot, velocity of approach leas than 0.5 foot per second, two full end con- 
ctkniB. 

leptember 12, 1808, at 9.30 a. m., there were 1.2 second-feet flowing over the 
ae weir; head 0.229 foot. 

larch 7, 1899, there were 2.18 second-feet flowing over the weir; head 0.83^3 foot, 
nne 20, 1899, 1.62 second-feet were flowing over the weir; head 0.28 foot. 
Ingost 27, 1899, 1.02 second-feet were flowing over the weir; head 0.25 foot. 
Carch 21, 1900, 2.55 second-feet were flowing over the weir; head O.'iH foot 
one 7, 1900, the discharge over the weir measured 2.6 second-feet, head 0.;^5 
t, velocity of approach less than 1 foot per second, two full end contractions. 
Scuf Riverside irrigation district, — It is stated that on June 10, 1808, 4.4 second- 
t were being pumped for this district at the head of the Vivieuda pipe line, 
ieptember 17, 1898, at 4 p. m., measurement showed that 4.43 second-feet were 
ving over a weir 8.33 feet in length at the reservoir at the head of the Vi Vi- 
la pipe line, which runs to East Riverside. Head 0.55 foot, two full end con- 
ctions, velocity of approach less than 1 foot per second. 

Carch 13, 1899, 4.25 second-feet were flowing over the same weir; head 0.54 foot, 
nne 23, 1899, at 4 p. m., there were 2.08 second-feet flowing over the same weir; 
id 0.33 foot. 

Carch 1, 1900, there were 6.59 second-feet flowing over a weir 4.16 feet long in 
) tnnnel pipe line; head 0.6 foot, no velocity of approach, two full contractions. 
Fnne 12, 1900, the discharge over the foregoing weir measured 5.3H second- feet; 
id 0.542 foot, two full end contractions, velocity of ap])roa(h less than 1 foot 
r second. 

Bolton Terrace Water Compan;/,— June 30, 1898, 1.97 second-feet were flowing 
era weir 2 feet in length at Reservoir Hill: head 0.456 foot. 
^)tember 22, 1898, 1.61 second-feet were flowing over a weir at the head of the 
» line above First street in San Bernardino; head 0.3 foot, length of weir 3 feet, 
ifarch 13, 1^99, 1.6l» second-feet were flowing over the same weir; head 0.31 foot, 
fane 26, 1890, 1.3 second- feet were flowing over the same weir: head o.20 foot, 
ingnst 36. 1899, the discharge measured the same as on June 2(). 
Ifareh 17. 1900, the discharge over the same weir measured 1.69 second- feet; head 
I foot. 

fnne 12, 1900, the discharge over the same weir measured 1.54 second-feet; head 
92 foot, velocity of approach less than 1 foot per second, two end contractions. 
Hty of Ctdton pumping plants.— June 26, 1891), 2.09 second-feet were flowing 
«■ a weir 4. 17 feet in length at the head of the pipe line of the First street reser- 
rin San Bernardino; crest of weir 18 inches wide, head 0.29 foot, 
^ngnst 26, 1899, 1.52 second-feet were flowing over the same weir. 
Lngnst 26, 1899, the pumping plant west of Mount Vernon avenue was dis- 
irgring 2.37 second- feet over a weir 2 feet long in the pipe line; head 0.52 foot, 
)full contractions, velocity of approach less than 0.5 foot per second, 
iarch 17, 1900, the First street pumps were discharging 2.57 second-feet overa 
ir 4.15 feet long, crest 18 inches wide, head 0.33 .foot, two full contractions, 
ocity of approach less than 0.5 foot per second. 

Qne 12, 1900, the discharge of the two pumping plan tsjneasured 3.21 second-feet. 
8 First street pump was discharging 1.23 second-feet over a weir 4.15 feet long 
the head of the pipe line; head 0.23 foot, velocity of approach less than 0.5 foot per 
!ond, two full contractions. The Mount Vernon avenue-pumps were discharging 
•B second-feet over a weir 2 feet long in the reservoir; head 0.46 foot, two end con- 
done, velocity of approach less than 0.5 foot per second. 
^"hitlock ditch.—Jnne 29, 1898, at 5 p. m., the discharge measured 0.34 second- 
>tin the flume on Styles street across the McKenzie ditch: the water area was 
^*inare feet, surface velocity 1.6 feet per second, coefficient 80 per cent. 



36 



WATER IN SOUTHERN CALIFORNIA, PART I. 



[sea 



October 6, 1S98, the discharge in the flume measai*ed 0.38 second-foot, waterv 
0.888 square foot, velocity of approach 1.42 feet per second, coefficient 80 per o« 

March 1, 1899, the discharge in the flume measured 0.47 second-foot, water h 
0.59 square foot, velocity of approach 1 foot per second, coefiicient 80 per cent 

June 27, 1899, the discharge in the flume measured 0.277 second-foot, water ai 
0.6 square foot, velocity of approach 0.66 foot per second, coefficient 80 per cent 

August 28, 1899, the discharge in the flume measured 0.094 second-foot, w«1 
area 0.147 square foot, surface velocity 0.8 foot per second. 

March 15, 1900, the discharge in the same flume measured 0.232 second-fe 
water area 0.145 square foot, surface velocity 1 foot per second. 

June 23, 1900, the ditch at this point was dry. 

Bloamingt on flume. — September 17, 1898, at 4.00 p. m., the Bloomington flu 
was discharging 5.49 second-feet of water over a weir 2 feet in length at the up| 
end of the flume. That weir was f ubmerged 0.41 foot; the head was 0.96 fo 
velocity of approach less than 0.5 foot per second, two end contractions. 

June 23, 1899, 5.930 second-feet were flowing over the same weir. The weir l 
submerged 0.19 foot, the head was 0.95 foot, velocity of approach 2 feet per seocM 
two end contractions. 

August 26, 1899, 8.05 second-feet were flowing over the same weir, which i 
not submerged. The head was 0.62 foot. 

March 16, 1900, the weir at the upper end of the flume was found to be destrof 
3.8 second-feet were measured by floats at the lower end of the flume; the ^fl 
area was 3.05 square feet, surface velocity 1.66 feet per second, coefficient 80 
ceut. 

June 12, 1900, the discharge near the end of the flume measured 3.68 second-f( 
sectional area 3.93 8<iuare feet, surface velocity 1.25 feet per second, coefficient 
per cent. 

Johmton d' Hulibard pumping pUint, — March 16, 1900, 1.26 second-feet ¥1 
flowing in the flume at the lower end of the pipe line just east of Colton. ' 
water area was 1.1 stiuare feet, surface velocity 1.43 feet per second, coefficien 
per cent. 
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From the two preceding tables it will be noted that despite severe 
droughts which existed from 1898 to 1900, inclusive, the outpat of ; 
water from the gravel \yed» above Colton has but slightly diminished, 
the total being 144.69 second-feet in September, 1898, as compared 
with 125.61 second-feet in September, 1900. The amount of developed 
water in September, 1898, was 66.38 second-feet and in September, 
1900, 71.42 second-feet, while the natural return water between the 
same dates decreased from 78.31 second-feet to 54.18 second-feet 
During this period much development work was done, and while 
these new supplies do not mean an absolute addition to the output 
from the district, the fact that the total supply was maintained not- 
withstanding the drought is a decided achievement. 

The most important question in considering this underground water 
/supply is the rate at which the gravel beds will be recharged during 
wet years. This underground reservoir is of such magnitude, how- 
j ever, that it will require a term of years to demonstrate what these 
conditions are. Certainly more water can not be permanently pumped 
from a reservoir than its mean inflow. During this inv^estigation an 
effort has been made to determine the elevation of the water plane 
throughout the valley above Colton, as shown on PI. I. During the 
last four years the plane of saturation has been lowered. After a 
cycle of rainy years observations of these same wells should be taken 
to determine what the rise, if any, in the water plane has l>ecn. Not 
until this has been done will it be pos.sible to state whether the supply 
is of a permanent nature. The data now at hand, though meager, 
indiciite that 140 second-feet can with safety be continuously with- 
drawn, but this amount should not be greatly increased. 

WEIiliS. 

There are a large number of artesian wells near San Bernardino and 
Colton, in the basins of Santa Ana River, Lytle Creek, and Wann 
Creek. On page 530 of Physical Data and Statistics of California, 
published by the State engineering department in 1886, is given a list 
of 408 artesian wells above Colton, 208 of which were measured and 
found to be discharging 20.11 second-feet. Nearly all of these wells 
must have been near San Bernardino and Colton, and all of them 
must have been in San Bernardino Valley. In 1898 the wells in Santa 
Ana River Basin proper that supply irrigation water were all flowing 
wells. In the basin of Lytle Creek the wells are more numerous, 
and are owned either by individuals or by small corporations. I^ 
the town of San Bernardino many artesian wells have been bored 
for domestic pui-poses during the last twenty years, which when prop- 
erly capped furnished water under pressure to many houses. These 
wells are from 200 to 400 feet deep, and all are driven through layers 
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jf clay and gravel. They cost (in 1898), cased, from $1 per lineal foot 
for 4-inc1i wells to $2 per lineal foot for 10-inch wells. Some of them 
famished as much as 50 miners' inches of water; many of the smaller 
wells flowed only 3 to 5 miners' inches. During the last four years 
many of these wells in the city of San Bernardino have eeas<>d to flow, 
ind the discharge of all of them has greatly decreased. These wells 
afford a very cheap water supply in a locality where the large irriga- 
tion companies charge from 5 to 20 cents for a run of 1 miners' inch 
for twenty-four hours, llie area of artesian lands in this basin was 
33 square miles in 1897 and 15 square miles in 1900. The irrigation 
eompanies have purchased these water-bearing lands. About flfty 
wells have been sunk in the Lytic Creek Basin. The prices «t which 
tiie lands are sold vary widely. In August, 1888, the Riverside 
Water Company paid $25,000 for 40 acres of artesian land in the 
Warm Creek bottoms. In 1898 the same company bought the water 
right to 72 acres of excellent artesian lands in the Warm Creek 
Basin for $50 an acre. The latter price has also been paid in several 
localities northwest of San Bernardino, between the Lytic Creek Wash 
and the mesa to the west, which seems to be an extension of the 
Banker Hill dike. Pumping plants have been placed in many of the 
wells, and the supply has thus been increased. The result has been 
to very largely exhaust the small domestic wells in the city of San 
Bernardino, and it would now appear that it has become a content 
between the owners of the pumping plants as to which shall control 
the water. It probably is largely a question of pumping out an under- 
ground reservoir, and the man who taps it lowest down and has the 
strongest pump will get the most water. The i*esults of a series of 
interesting experiments made by Prof. E. W. Hilgard on the wells 
at the head of the Gage system are given under the description of 
the water supply of that system. These experiments show that in 
April, 1889, capping and uncapping 27 adjoining flowing wells did not 
produce an immediate effect upon the surrounding wells. 

The table on pages 84 and 85, showing the effect of opening and clos- 
ing neighboring artesian wells of the Gage canal system, is also of 
interest in considering this matter. Observations of 55 wells were 
niade in October, 1892, and while the volume of w^ater increased as 
inore wells were sunk, the aggregate flow is not so great, by 52 per cent, 
as the sum of the flow of the individual wells when all of the wells 
except one were closed. 

The question whether the water supply in the aggregate can per- 
nuinently be increased by digging larger wells and pumping is of 
<X)ur8e a vital one in this connection. An artesian basin is practically 
•n underground reservoir. In this case it is probably refilled during 
Wyears, principally by the winter floods from the surrounding moun- 
Wn drainage basins and from the return water from irrigation, 
^en the reservoir is filled the basin runs over at its rim and permits 
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larger surface flow. The wells tapping this basin at its lowest depres- 
8ion probably occupy the most favored positions, and those at the 
upper rim the poorest positions. All draw from the same source, and 
it is exceedingly difficult to tell which wells are responsible for the 
draining of those that have failed. It is claimed by the owners of the 
newer pumping plants that the failure of the wells that ceased to flow 
in 1898 is due to the series of dry years that preceded. 

During the winter of 1897-98 there were very few floods, and even 
the normal winter flow of the streams was diverted for irrigation pur- 
poses. The same condition prevailed in the winters of 1898-99 and 
1899-1900. The points of diversion on some of the surrounding 
streams have been moved higher up into the canyons and tunnels ran 
under the stream beds to bed rock, which tends to decrease the sup- 
ply of artesian water. While the wells near San Bernardino have 
failed and the wells in the I^ytle Creek Basin have fallen from 19.12 
second-feet in June to 13.94 second-feet in September, those in tJie 
lower central portion of the main valley have held their own. There 
is apparently no redress at law for those whose wells have failed, 
because it is difficult to show any direct stream relation between given 
groups, and at present the law does not take cognizance of so complex 
conditions. 

The more an artesian basin is drawn upon the greater will be it« 
storage capacity in unfilled voids during the following season; conse- 
quently it is possible that the total output from this basin may be 
permanently increased by tapping it more extensively in the lower 
levels. As a water supply is controlled absolutely by its minimnm 
production, and as many of the artesian wells about San Bernardino 
failed during the summer of 1898, it is clear that the limit of artesian 
supply near the 1,100- foot contour has been reached. The limit of 
maximum available supply entering the artesian reservoir is gov- 
erned by the area of the intake, the velocity of the entering water 
through the intake, and the length of time during which the entering 
water is available. These conditions are manifestly difficult of 
determination. 

The large number and the great capacity of wells that have been 
bored in the lower regions of the artesian belt have so nearly 
approached the carrying capacity of the gravel and have so diminished 
the pressure at the lower wells that it is difficult to obtain a definite 
idea of the elevation at which water may be found in the upper 
regions of the artesian belt. A distinct grade is very noticeable in 
the crest of all wells when their pressure is considered. The flowing 
of water from these wells is changed from a condition of hydrostat- 
ics to one of hydraulics. It is of interest to note that when a well 
has an even flow over its casing, so that the height of rising water in 
the center of the well above the casing can be accurately measured, 
this height may be considered as the head on a weir, the length being 
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'cnmfeTence of the pipe, end contractions being eliminated. 
t>bable error in this computation ordinarily will not exceed 4 
It. 

)f the wells in Snn Bernardino Valley in the Redlands and San 
rdino quadrangles, irrespective of their size or producing 
ties, were visited by the representatives of the Geological Sur- 
aring the summer of 1900. The 412 wells in the Redlands 
single were inspected by Mr. Louis Mesmer, of Los Angeles, 
and the 478 wells in the San I3emardino quadrangle were 
ted by Mr. C. J. Roney, observer. The results of their obser- 
s are contained in Part II of this i*eport — Water-Supply and 
tion Paper No. 60. 

isian weUs of the Riverside Water Company, — During the last 
m years the Riverside Water Company has sunk 70 artesian 
n the Warm Creek Basin east of Colton and San Bernardino, 
igin depth from 60 feet to 590 feet and in diameter from 6 inches 
iches. The largest well developed by the company previous to 
as in the bottom land of Santa Ana River, in lot 2, block 54, 
emardino Rancho, about 2 miles east of the town of Colton. In 
•ring of 1898 the managers of the Riverside Wa1<er Company 
d to increase this development ])y sinking numerous shallow 
^ or 9 inches in diameter alwut 300 feet apart, and close enough 
harge their waters directly into the company's main conduit lead- 
Warm Creek. For this purpose two hand rigs were procured 
3 wells were sunk, at an average cost of $1.75 per foot, the 
being an increase of 282 miners' inches (5.64 second-feet), 
wells were bored through alternate layere of sand and clay to 
•bearing gravel and bowlders by means of derricks and sand 

total output of this tract, as measured June 30, 1898, was 554 
s' inches (11.09 second-feet), 79 miners' .inches (1.58 second- 
)f which goes to the Ward <fc Warren ditch, the remaining 445 
s' inches (9.51 second-feet) being delivered into Warm Creek 
bove the Riverside Water Company's upper canal diversion, 
t of the largest wells was sunk on the south side of Warm Creek 
11, block 51, San Bernardino Rancho. It was commenced in 
try, 1898, and was completed in February, 1898, the total cost 
$1,100. It is 590 feet deep, has a 10-inch casing of No. 10 iron, 

G. The water all comes from the bottom, and when com- 
[ the well flowed 120 miners' inches (2.4 second-feet). During 
immer of 1898 a basin was placed around this well and con- 
1 by a pipe to the main channel of Warm Creek. Twelve feet 
)e was cut off from the top of the well to make it correspond 
he bed of Warm Creek. This increased the flow to 150 miners' 
} (3.0 second-feet). The cost of water from this well was $7.33 per 
s' inch. There are seven wells on this tract, the aggregate flow 
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of which in August, 1898, was 340 miners' inches (6.8 second-feet). 
This water is carried in a vitrified clay pipe direct to the natural chan- 
nel of Warm Creek, with whose waters it mingles, and on its course 
toward Riverside is allowed to pass through the various head gates 
of the irrigating ditches and is not deducted from the other stream 
measured at the Riverside Water Company's upper canal. 

During the months of March and April, 1900, the Riverside Water 
Company sunk three wells, to an average depth of 552 feet, in block 
44 of the San Bernardino Rancho. The water all comes from the 
extreme bottom of these wells. The pipes are 10 inches in diameter, 
of No. 12 iron, B.W.G. On May 19, 1900, the total flow of these 
three wells was 420 miners' inches (8.40 second-feet). 

Martius well. — The Martins well, at Tippecanoe station, on the Riv- 
erside Motor Railroad, may be taken as a type of numerous pumped 
dug wells. It was excavated in 1893, is 20 feet deep and 12 feet in 
diameter. The wall is of dried brick laid on a wooden toe of crib 
work. Mr. Martius says that at first he used a steam engine to run 
the pump, but the cost was $3 for a day of ten hours. lie now (1900) 
uses a 9-hor8epower Webber gasoline engine, and the cost of pumping 
is $1.30 a day, or at the rate of 1.44 cents per horsepower per hour. A 
centrifugal pump is used, and 15 miners' inches (0.30 second-foot) of 
water are raised. This water is used for irrigation and street sprink- 
ling. Ordinarily the cost of gasoline for power is about 33 per cent 
less than this amount. 

PUMPING PliANTS. 

One feature of special interest in the pumping plants in this valley 
is the use of electric motors for developing power. The mountain 
streams enter the valley on very heavy grades, and when diverted 
from their canyons into canals they obtain as much as 400 or 500 feet 
head in 4 or 5 miles length of conduit. The water is then dropped 
through large steel pressure pipes to nozzles which play on impulse 
water wheels of the Pelton, Knight, or Tuthill make.* These wheels 
have velocities so high that they can be coupled on the same shaft 
with the dynamos, thus eliminating loss by gearing. By means of 
transformers the voltag<i of the current to be transmitted is "stepped 
up" to from 20,000 to 40,000 volts, i. e., it is driven over the transmis- 
sion line under very heavy pressure to the point w|iere it is intended 
to be used. It is then *' stepped down" to a low voltage for the motor 
which drives tlie pump. The 3-phase motor is the machine usually 

• 

employed for this work. Numerous plants of this class have been m 
service in this locality for the last two years. They give little or no 
trouble, and are easily started under a load. One attendant can watch 
three or four of these plants when they are situated within distances of 

*For description of some of these power plants, sec NlDeteenth Ann. Bept. U. 8. QeoL Surrefi 
Pt.IV. 
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m a half to a fonrth of a mile of one another. The 20-horsepower 
tor and the centrifugal pump is the most popular plant. The motor 
(pherical in shape and only 4 feet in diameter. The amount of cur- 
it used for power is metered and paid for at meter rates. Single or 
base motors have been trie<I for this work, but difficulty is found in 
rting them under a load. A secondary small machine called an 
xciter" has been used in starting them, but even then trouble is 
)erienced. The method of obtaining power by the simple turning 
% 8wit<;h, without the usual accompaniments of dirt and heat and 
h the little attendance that is required by a plant of this character, 
deal. It is a great improvement over the gas engine. Motors run- 
g horizontally, attached to the vertical shaft of the centrifugal 
up, are now (1900) made, and give increased efficiency. 
)escriptions of the pumping plants located east of Mount Vernon 
jnue, San Bernardino, in the Lytic Creek bottom, are given below. 
8 difficult to determine the volume of water pumi)ed, as the pumps 
not run with uniform speed and usually discharge into pipe lines. 
3 statements of owners as to volumes discharged have usually been 
epted, and while the amounts they give are probably somewhat in 
ess of the average flow, this will tend to compensate for a number 
ninor flowing wells or windmill plants not visitinl or considered in 
i connection. 

^ast Riverside Pumping Company^ Raynor ranch, — In June, 1898, 
East Riverside Pumping Company was using at one of its wells a 
leral Electric 20-horsepower 3-phase motor under 550 volts i)res- 
B. The power is measured by meter and costs (1898) 1 cent i>er 
r per horeepower for 20-liour days, or $0 a month. The power is 
nished by the Redlands Electric Light and Power Company and is 
eloped at the drop in the Mill Creek Canyon. In 1898 the electric 
or wq3 consuming 10 horsepower and was lifting 85 miners' inches 
rater (1.7 second-feet) 28 feet high with a Byron-Jackson No. G 
trifugal pump discharging through a 6-inch pipe. The total out- 
from the plant of this company is 221 miners' inches (4.43 second- 
.), as determined by weir measurement in Septeml)er, 1898. The 
er is carried through the Vivienda pipe line to the East Riverside 
Ration district. 

'% of Colton pumping j^lcinL — The pumping plant of the city of 
ton furnishes water for irrigation and domestic use at and near 
t city. Two of the wells (Nos. 2 and 3) are located on what is 
»wn as the Barnhill and Lamb tract, block 25, San Bernardino 
leho. The third well is on the south line of First street. All are 
he Lytic Creek Basin. Those wells are locally known by numbers. 
ITell No. 1 has a General Electric 20-horsepower 3-phase motor 
lying 14 horsepower in running a No. Byron-Jackson vertical 
tirifugal pump, and on Juno 27, 1898, it was lifting 121 mind's' 
ies (2.42 second-feet) 35 feet high per day of 20 hours, which is 
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equivalent to 101 miners' inches (2.02 second-feet) for a 24-hour day. 
This is a eased well. 

Well No. 2 is a 10-inch eased well. A General Electric 20-horsepower 
3-pha8e motor of 550 volts capacity is running a No. 10 Byron-Jackfion 
horizontal centrifugal ])ump, and in June, 1898, was said to be lifting 
GO miners' inches (1.2 second-feet) of water 34 feet high per day of 20 
hours, equivalent to 50 miners' inches (1 second-foot) for a 24-hour 
day. On Sejitember 22, 1898, this plant was furnishing 31 
miners' inches (0.02 second-foot), weir measurement. 

Well No. 3 is a lO-inch cascnl well on the I^amb tract. 
A 10-horsepower 3-ph}ise electric motor with a capacity of 
550 volt.s is running a Byron-Jackson horizontal centrifugal 
pump which on June 27, 1898, was raising 50 miners' inches 
(1 second-foot) of water 35 feet high per day of 20 
hours, equivalent to 42 miners' inches (0.83 second- 
foot) for a 24-hour day. This plant is running 
with renmrkable smoothness, there being no jar and 
scai^cely any ai)preciable sound from either pump 
or motor. 

Well No. 4 supplies the domestic service 
of C'oUon. It is of six^cial interest owing 
to the grouping of the wells that are oi)er- 
ated from one cent rifugal pump. The pump 
is IT) fei^t below the surface of the ground, 
in a pit. The suction pii)e from the pump is 






f*oft*e 





Fi(}. I.— Plan of city of Colton pumpintp plant, showing fn^np of wells opeimtod by ooe oen- 

trif ugal pamp. 

led to four cased wells. A deep trench was dug for these pipes. F^^* 
1 shows the location of the wells and pump. This plant is located north- 
west of the Santa Fo Railroad, at the crossing of Lytle Creek. The 
pump was originally situated on the surface of the ground, but during 
the summer of ISUS it was lowered 10 feet, all of the connections of 
the wells being lowered also. The pump is a No. 8 Byron-Jackson ver- 
tical centrifugal, and is operated by a General Electric 20-horseiK)>ver 
3-phase motor, wiiich is developing 24 horsepower. On June 27, 189^> 
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110 miners' inches (2.2 second-feet) of water were being pumped, and 
on September 22, 1898, 150 miners' inches (3 second-feet), per day of 
20 hours. The wells are all 10-inch cased wells. The pumps were 
lowered because of the falling of the water plane. The plant is entirely 
successful. A plant of similar design is located near £xeter, Cal., 
in the bottoms of Kaweah River. 

Portieroy & Marble wells. — The pumping plant of the Colton Ter- 
race Citrus Land Company is at the corner of Mount Vernon avenue 
and Mill street, San Bernardino. A No. 4 Byron- Jackson horizontal 
centrifugal pump is run by an 8-hor8epower gasoline engine. There 
is one well (cased) 100 feet deep, from which cm June 18, 181)8, 40 
miners' inches (0.80 second-foot) were being lifted 32 feet. On that 
date there was also an artesian well furnishing water to this system 
from this locality. The latter well was flowing 40 miners' inches (0.8 
second-foot). 

ColUm Terrace Orange Land ami Wai4^.r ComjKiny, — The wells of 
this company are four in number and are from 2(X) to 300 feet deep. 
They are 7-inch cased wells and are about 150 feet apart. This plant 
is of special interest, as the water is lifted by an air system. A 
20-horsepower single-phase electric motor costing $700 was originally 
used to operate a Stillwell-Bierce air compressor. The electric motor 
was a failure and it was replaced by steam. From the air compressor 
the air is conveyed through a reservoir to a distributing pipe system. 
Thirteen horseiwwer is now being expended; but it is proposed to 
increase the number of wells, when more power will be required. The 
wells are l>ored and cased and a J-inch air pii>e is run down to almost 
the bottom of each well. A stopcock is placed near each well to regu- 
late the volume of air entering it. (See PI. VIII, B.) The water is 
raised by the expansion of the air in the lower portion of the well 
pipe. The feature of special value in the system is that the lifting 
force can be indefinitely distributed to the numerous wells in the 
/* various localities. The illustration (PL VIII, B) shows a well into 
which an excessive amount of air has been admitted. Oixiinarily just 
<?nough air is passed to produce a flow about 2 or 3 inches above the 
top of the well. The water stands naturally at a level of 20 feet below 
the surface. On June 30, 1808, the wells were producing 08.5 miners' 
inches (1.97 second-feet). This system of pumping does not as a 
J*ule give a working efficiency of more than 35 per cent and is prov- 

• 

*'*g a disappointment in several localities. In 10(X) this method of 
P^Uuping had been discontinued at this plant. 

In PL VIII, A^ is shown a pumping plant near El Monte. The 
^*^ter supply is from five cased wells in the gravel beds below the 
"^outh of San Gabriel Canyon. The output is approximately 500 
Miners' inches. 

&oomington pumping plants. — The water flowing in the Blooming- 
^^ flume is a combination of 100 miners' inches (2 second-feet) of 
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Lytle Creek water for the domestic supply of the city of San Bernar- 
dino and the output of three pumping plants in the Lytle Creek 
Basin. The irrigation water is being used near Bloomington, on the 
Citrus Belt irrigation district. The pumping plants are — 

No. 1 : A 20-horsepower gasoline engine exi)ending three-fifths of 
its indicated power is pumping from a 10-inch cased well 400 feet 
deep. A No. 5 Byron-Jackson centrifugal pump is used, which on 
September 12, 1898, was lifting 56 miners' inches (1.12 second-feet). 

No. 2: A 2(>-hor8epower Daniel Best gasoline engine using 16 horse- 
power is running a Byron-Jackson centrifugal pump which lifts from 
a 10-inch cased well 409 feet deep 100 miners' inches (2 second-feet) 
of water. The water is raised 22 feet. On June 18, 1898, the plant 
was pumping 115 miners' inches (2.3 second-feet) and on September 
12, 1898, it was pumping 100 miners' inches (2 second-feet). 

A Pelton wheel is run from 100 miners' inches of water, which is 
dropped 80 feet from the Lytle Creek Improvement Company's canal, 
about 1^ miles north of the base line at the west bank of the Lytle 
Creek Wash, and develops 24 horsepower. On June 18, 1898, 110 
miners' inches (2.2 second-feet) of water were being raised 40 feet from 
two wells and conveyed to the Citrus Belt irrigation district, near 
Bloomington. 

Minor pumpiiig ijlants, — Johnson <fc Hubbard have two 10-inch 
cased wells, one 190 and the other 2G0 feet deep. In June, 1898, a 
3-phase elec^tric motor developing 26 horsepower and a Byron- Jackson 
centrifugal pump were used to lift 120 miners' inches (2.4 second-feet) 
of water 40 feet high. The well furnishing the supply is located near 
the corner of Mill street and Mount Vernon avenue, San Bernardino. 
This water irrigates orange land north of Colton. The plant is used 
at intervals of a few days. 

A well 2 miles northeast of San Bernanlino is operated by an elec- 
tric motor and a centrifugal pump. On September 9, 1808, it was dis- 
charging 25 miners' inches (0.50 second-foot). The water is l)eing 
used on the Chinese gardens at the point of development. This well 
is pumped from only at intervals of about ten days. It is at the cor- 
ner of the base line and Waterman avenue. 

There are several other small i)uniping plants using water a few 
days each month which are not described here, because they are of 
relatively small importiince. 
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STREAMS TRIBUTARY TO SAN BERNARDINO VAIiliBY 
ABOVE AND BEIiOW 8L.OVKR MOUNTAIN. 

For the purpose of making comparisons between the surface waters 
entering San Bernardino Valley above and l)elow Slover Mountain, the 
following table of discharge measurements ma<le in the summer of 1898 
18 introduced. It must be rememliered that the summer of 1898 was 
preceded by a series of unusually dry years, and that the streams of 
the State were then at an extremely low stage. Mill Creek and Santa 
ina River were visited by local storms during the latter part of 
August, and the flow from the Santa Ana had been specially 
njenforced by the water discharged from the Bear Valley reservoir, 
Trhich regulates the flow from 54 out of 188 square miles of its 
drainage basin. The flow of Plunge Creek has been reenforced by 
development works in the bed of its canyon. 

IMiarge vveasuretiienta of mountain streavis in San Bernardino Valley aboiJe 

Slover Mountain, 189S, 



Stream. 



Point of measure- 
ment. 



|jtt» Timoteo Creek Above BrookHide*. . . 

'ill Creek Crafton divide 

Do I Macintosh dovelop- 

I ment. 

Kuta Ana River At Warmsprings 

(inclndinK B o 1 o n 
tunnel, 1.24). 

Innse Creek At headworks 

ity Creek do 

•at Twin Creek | Canal and develop- 
ment water. 

'est Twin C*reek Headworks and Hot 

I Springs- 

TtleCreek Anf?lo-A morican 

I Canaigre Co. 



Total. 



Date. 



June 13. 

..do.... 

...do... 



Dis- 
cbarge. 



do 



.. do ... 
June 11. 
.. do... 



...do — 
June 10. 



t^lsiDg or return water 
^teeharge from wells . . 



June 



Total 

'Bductflow from surround- 
ing mountain streams. 

2x0688 of return water 



Juno 
■ Estimated. 



June 
...do. 



June 
...do. 



Sec-feet 
1.00 
18.10 

.28 

40.90 



2.36 
a. OR 
2.05 

2.13 

10. ra 



79.88 



71.25 
OB. 86 



138.11 
79.88 



58.33 



Date. 



September 8. 

do 

...do 



do 



Dis- 
charge. 



September 9. 

....do 

do 



do 

August 27 — 



Sec./eet. 

0.50 

13.07 

.28 

37.91 



.20 
.07 
.73 

.38 

10.01 



September. 



63.15 



September. 
do 



78.31 
66.38 



September. 
do , 



September. 



144.60 
63.15 



81.54 



^^i^arge inea^irements of mountain streams in San Bernnrdino Valley lyelow 

Slover Mountain, JSUS. 



Stream. 


Point of measure- 
ment. 


Date. 


Dis- 
charge. 


Date. 


Dis- 
charge. 


5^ Antonio Creek 


Division weir 

In canyon 


June 2... 
do.... 


Sec./eet. 

6.43 

•2.08 

•1.40 


August 28 

do 

An 


Sec-feet. 
5.18 


i^camonga Creek 


1.04 


^rCrelk 


At headworks . 


do . 


.70 


ijWwater Creek 


In canyon 


July 1... 
do 


.46 July 31 

7.00 August 30.... 
3.75 Anirtist — ^ _. 


.16 


«!'''>«8cai artesian wells .... 


do 


7.00 


«tte8ciil Creek 


Below lakn 


do.-.. 


3.00 












Total 




21.12 


17.08 













• Estimated. 
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Return icaters in San Bernardino Valley below Slover Mountain and abavt Rixxr- 

aide Narrows, 1808, 



Stream. 



Point of measure- 
ment. 




Lower Riyerside canal Near bead works at 

I E. Riyerside. 

Spring Brook ..' Sooth of Rubidoux 

I Mountain. 
Evansditcb ' Riffbt bank. 4 mile 

below bridge. 
Rubidoux canal Right bank, 1 mile 

south of county 

line. 
Santa Ana River ' 4 miles below River- 

side. 

Total 



June 17. . 
June 19. . 

do... 

do... 



June 30. 



June 



Sec-feet. 
10.37 

3.fle3 

5.88 

8.94 

47.63 



75.44 



Date. 



Augusts?.. 
August 28.. 

do 

August 37.. 

August 39.. 

August 



Dit- 
cbirge. 

Sec.-M. 
8.90 

l.S 

4.87 
8.50 



e» 



Return icaters in Sail Bernardino Valley beixceen Riverffide Narrows and the lo\per 

Santa Ana Narrows below Rincon, 1898. 



Stream. 


Point of measure- 
ment. 


Date. 


Dis- 
charge. 


Date. 


charge. 


Small ditcn 


Right bank, 3 miles 
below Riverside 
Narrows. 

Right bank. sec. 38,T. 
3S..R.6W. 

Left bank. sec. 38, T. 
3S.,R.7W. 

I/eft Imnk, 3 miles be- 
low Rincon. 

At Red Hills 

At lower narrows 
below Rincon. 

Total 

At Riverside Nar- 
rows. 


June 30... 

do.... 

do.... 

June 31... 

June 

June 31... 

June 

do 

dn 


Sec-feet. 
3.76 

9.99 

4.80 

3.18 

•6.80 
79.81 


August 

do - 

do 

August 39.... 

Septemljer 9. 
August 39... 

August 

do 

do 


Sec.feet. 
•ITS 


Griffiths ditch 


•9.« 


TnwnpATid diknh .... 


•in 


Small '^nal , 


iU 


Cucamonga developments. . 
Santa Ana River 


G!.07 






Do 


106.33 
47.63 


9E!.» 

30.(S 


Return water between Riv- 


60.70 
75.44 


5S.U 


erHide aud Rinccm Nar- 
rows. 
Total rt^turnine between 




fii.19 


Slover Mountain and Riv- 
erside Narrows. 










Total returning be- 
tween Slover Moun- 
tain and Rincou. 
HurronndinfiT mountain 


136.14 
31.13 


115.31 


1 
! 




\:m 


streams between Slover 
Mountain and Rincon. 










Total excess of return 


115.03 
58.33 


W.2 


water between Slo- 
ver Mountain and 
Kiucou. 
Excess above Slover Moun- 








81.5* 


tain. 


...... ••..-. .*.••. ....•• 










Grand total excess of 


173.^ 


i:?.-* 


return water in San 
Bernardino Valley 
alx»ve Rincon. 






. -. — ... — ... 





• Estimated. ^ Includes 1 second-foot developed at mouth of Cncamougu Canjoa- 
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idering the volume of return water at Riverside Narrows in 
er of 1898, as compared with the amount of irrigation water, 
that is applied for irrigation below the Colton or Bunker Hill 
Id be included. A divide occurs about 1 mile west of Arling- 
) west of which the di*ainage is into Temescal Creek and not 
a Ana River above Riverside Narrows. A portion of the 
bhe Riverside Water Company and the Gage canal — a vary- 
bity, probably 1,000 miners' inches in average volume— is 
) alfalfa fields and orange lands south of this divide. It is 
sible, however, that a portion of the water applied to the 
ids north of the divide and southwest of Riverside finds its 
e north of the divide. 

Discharge measurements of Santa Ana River, 



Point of measurement. 



Jompa Narrows 
do 



Aubumdale bridge 
Jnmpa Narrows . . . 
Aobamdale bridge 
Jarapa Narrows ... 
Aubumdale bridge 



Jurupa Narrows . .. 
Aubumdale bridge 
Jurupa Narrows ... 
Aubumdale bridge 



Jurupa Narrows . . . 
Aubumdale bridge 



Jurupa Narrows . . . 
Aubumdale bridge 



Jurupa Narrows . . 
Aubumdale bridge 



Discharge. 




Miners^ in. 
505.0 
fiS6.0 
7^.5 
4S5.5 
064.5 
474.0 
709.5 



660.0 
777.6 
6iI0.0 
832.5 



1B7.9 
1.112.5 



775.0 
1.281.5 



1.4e».l 
2,171.4 



2,655.0 
2,9U2.0 



2.722.0 
3.487.0 



Sec-feet 
10.10 
10.50 
14.57 

8.61 
13.20 

9.48 
14.19 



11.00 
15.56 
11.20 
16.65 



18.76 
2:2.25 



1.5.50 
25.63 



29.88 
43.43 



53. 10 
f»!l. Ki 






foregoing measurements those for 1888 to 1802 were made 
Finkle while ho was chief engineer of the Jurupa Land and 
)mpany and the Stearns Ranches Company. These meas- 
show the gradual increase, despite the drought, in volume 
the river at this point, due to the extension of irrigation on 
►ve. 

I 59—02 4: 
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EMimated monthly diaeharge of Santa Alia Ritxr and Santa Ana eanal ImHa 

<U>ove mouth of itt canyon above RedlatuU, near IVarmtprin^ 

IDimluseun, IMaqiureiiillw] 
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Estimated monthly dist^Mrge of Santa Ana River and Santa Ana canal 2 miles 
above mouth of ite canyon above RedUanda, near Wanruprings — Continued. 



Month. 



DiMcharee in second- 
feot. 



'ptember 
stober ... 
orember 
Momber. 



1900. 



19()1. 



an&iT- 
tbrnary. 

trrh 

TtH 

»y 

iy 

iinut... 



The year 



Maxi- 


Mini- 


mnm. 


mum. 


16 


11 


10 


12 


1.664 


14 


81 


25 


fiOO 


31 


5t0 


48 


lU 


45 


107 


30 


68 


36 


44 


30 


42 


34 


aoo 


31 



Mean 



1,564 



11 



12 

14 

107 

28 

78 
194 
68 
43 
42 
37 
38 
60 

60 



Total in 
acre-feet. 



Rnn-off. 



Depth in 
inches. 



Hecond- 

feet per 

square 

mile. 



714 


.07 


861 


.08 


6,367 


.63 


1,722 


.17 


4,796 


.47 


10, m 


1.07 


4.181 


.41 


2.560 


.28 


2.582 


.25 


2.202 


.22 


2,837 


.23 


3,074 


.31 


42.1(» 


4.17 



.06 
.07 
.57 
.15 

.41 
l.OB 
.86 
.23 
.22 
.80 
.20 
.27 



.31 



Drainage areas of Santa' Ana River above Rincon, 



juth of Mill Creek 

ill Creek 

inta Ana River 

lunge Creek 

^ienroir between Plunge and City creeks 

ity Creek 

drainage between City and Sand creeks 

and Creek . 

little Sand Creek .. 

drainage between Little Sand Creek and East Twin Creek 

Jast Twin Creek 

VestTwinCreek 

drainage between West Twin Creek and Devils Canyon . . . 

devils Canyon 

^jon Pa£8 Basin , 

)ycamoreFlat 

^yileCreek ._ 



8<inare miles. 

10.0 

40.2 

208.2 

... .. 17.1 

2.7 

21.0 

i.y 

3.2 

1.6 

2.5 

9.2 

5.3 

4.0 

7.1 

88.0 

. ... 2.8 
51.9 



Total monntain drainage above Colton 483. 3 

Grafton Hills and San Timoteo Basin 135.0 

^n Bernardino valley lands above Colton 132.0 



Total drainage area above Colton . _ 750. 3 

Mountain drainage alnyve Rincon and below Colton, 

B<iaare miles. 

■^'i^uiagenorthof Grapeland 2.7 

^ Savain Canyor 2. 4 

•^oraeCanyon 1.9 

^ Etiwanda Canyon 3.2 

^yCanyon 6.9 

^Canyon 4.2 

^'•inage between Deer Canyon and Cn:;amonga Canyon 3.7 

''•camonga Canyon 1 1 . 
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Square rniln. 

Drainage between Cncaniongm Canjon and San Antonio Canyon .... 1.3 

8mu Antonio Canyon . 96.7 

Thotnpiion Creek .. . 5.5 

Liveoak Creek 2.7 



Total in nionn tains , 72.1 

Foothills aronnd Riverside .. 62.0 

Flat valley land lietween Rincon and Colton 393.0 

Temescal Creek hills l)elow Elsinore Lake .163.1 

Chino Creek foothills 22.5 

Summary of drainage areas. 

Square mflesi. 

Mountains aboTe Colton 48:}. 3 

Monntains above Rincon and below Colton . 72. 1 



Total in monntains above Rincon 5.V5.4 

Hills above Colton 185.0 

Hills aroand Riverside 62.0 

Hills of Temescal Creek below Lake Elsinore . . 163. 1 

Hills of Chino Creek 22.5 



Total in hills above Rincon 382.6 

Valley above Colton .. ..., .. 132.0 

Valley lielow Colton aud above Rincon 383. 

Total in valley above Rincon 525.0 

Total drainage area above Rincon 1,463.0 

The pn^eipit^tion for the senwons 1890-07 and imXWOOl w»8 about 
normal. Each year, however, was preceded by drought's. The dis- 
charge in second-feet |)er Hc^uare mile of drainage basin of Santa Am 
Kiver proper, as given in preccnling t.ables, was 0.45 second-foot per 
square mile in 1S1HMJ7, and 0.31 second-foot in 1000-1901. An esti- 
mat4Hl discharge for normal years of 0.40 second-foot per square mile 
from the mount^iinons portion of the basin above Colton is believed 
to l)e conservative. As the percentage of run-oflp increases with the 
depth of rainfall, the average annual discharge is greati»r than tlie 
run-off in yt^ars of average rainfall. The Hear Valley reservoir, whi*?^ 
regulates the discharge fi-oni a i)ort.ion of the basin of Santa Ai^* 
River, wjus comph^tely emptied during both of the years mentiont^^ 
and conseciuently does not affect the totals. A portion of the larg®' 
floods are known to i)ass Colton, and are i)ermanently lost so far ^ 
the gravel beds above (-olton are concerned. Little surface run-^" 
would ocinir from the flat and sandy valley lauds and hills, but o^^' 
tainly an appreciable amount of the rainfall would sink into ^^^ 
ground and increase tlie underground supply. The latter supply ^^ 
bi»lieve<l to be sufficient to offset the loas due to a portion of the lar^^ 
floods passing the Colton dike unabsorbed. It is not claimed ti*^^ 
these quantities are < apable of exact determination. Many 5*^'~ 
expensive observations would l)e necessary to ascertain this, but it i^ 
thought that an estimate based upon existing data and experioiK-'*^* 
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gained elsewhere will be of interest on this importaMit Rnbject. While 
the run-off per square mile of the Cajan Pass Basin is known to be 
less than that of the Santa Ana proper, that of Mill Creek and Lytle 
Creek is gi*eater, and the Santa Ana Basin is probably typical of the 
average. The estimated annual run-off, in second-feet per square 
mile, from the 483 square miles of mountain drainage basins tributary 
to San Bernardino Valley above Colton, assuming the run-off to be 
0.40 second-foot per square mile, is 193.3 second-feet. During aver- 
age years probably 50 per cent of this is divert^l for irrigation at the 
mouths of the mountain canyons, and half of the water applied for 
irrigation may be assumed to be lost by evaporation, the remainder 
sinking into the ground. Thus one-fourth of the discharge from the 
mountains may be considered as permanently lost during average 
years, leaving a net remainder of 75 jwr cent, or 145 second-feet, as a 
reasonable estimated annual recharge of these gravels. 

In June, 180H, the total s^'^opage and return water entering San 
Bernardino Valley above Rincon was 274.25 second-feet, as shown in 
the foregoing tables, and at the same time the aggregate flow from 
the surrounding mountain drainage basins was 101 second-fc^et, 
making a tot«l of 375.25 second-feet. The developed water around 
Pomona (amount not known), however, is not in(;luded, and porticms 
of the return wat-er obtained near C'olton and used around River- 
side doubtless return to the river above Rincon. It is difficult, how- 
ever, to analyze the situation further than has bi»en done. Despite 
the recent dry years the increased flow of the river at Auburudale 
bridge is in all probability due to increased irrigation in the valley, 
particularly near Riverside, and is especially signiflcant. 

The Cucamonga Water Comi)any derives its water from the Red 
Hills. The company supplies Cucamonga proper, also North Ontario, 
ftQd irrigates about 5,000 acres of citrus fruits. In August, 1898, 
there were in addition 52 miners' inches (1.04 second-feet) of water 
developed at the mouth of Cucamonga Canyon. The Red Hills areso 
named from the red clay occurring there, which forms a dike across 
the sand and gravel drainage lines of Cucamonga Creek. This ^/ 
forces the underground water to the surface, where it api>ears in / ■ 
springs and cienagas. There is an aggregate length ot 8,()(X) feet of 
tunnels in this water-bearing land. Thei-e are 30 miles of G-inch drain 
tiles in the distribution system. 
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Thci fullowiog diagram, flg. 2, shows the relntioD that exists between 
the minfall and developed water at Red Hills: 
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Fio. 2. — Dlwrsm abovins reUtInn of ralntftll to developed w 
MIOWBrklDfBiriiilnchea.aBmeHBurHlBt!^' - -- -' 

miners' ipche*. frum mil uf the cipvolopmi . 

liDe aholTTi dischmrvi-, la mJaurH laches^ uT east oleuuu and Y tunnel, eicloaiTe tjr I»ne VfljKt\ 
heaTT HoUd line at bottom abuwa discharEt;, In ml aen inches, trom SU-acre tract at vent end a 
hill, eidOBiTe at the SEowcU wells. 

From 1888 to 1900 many lineal feet of tunDela were run and numer 
oils wells were sunk at the Red Hills for new wat«r supplies, but id 
spite of tills development the amount of water available materially 
diminished — from 406 miners' inches to 253 miners' inches. Although 
this decrease is influenced by the diminisheil rainfall during the 
perial, it is iniprolmlile that all of the work performed resulted in 
much if any permanent benefit to the irrigators. The gravel beds 
above the Ited Hills ari' much smaller than those above Oolton, and 
consequently are more quickly drawn down. The chief question in 
situations of this kind is liow large a water supply can be counted 
upon to recharge the underground reservoii-. This can be determined 
by measuring the area of the tributary drainage basin from the topo- 
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itlas sheets of the United States Geological Survey. To this 
uld be applied the mean annual run-off. In this case the 
Qual run-off, in second-feet per square mile, can be obtained 
tudy of records of discharge of San Gabriel and Santa Ana 
The Red Hills are shown on the Cucamonga atlas sheet of 
3gical Survey, and are 2 miles northeast of North Ontario. 

lied monthly discharge of San Oabriel River and canals near Azusa, 

[Drainage are*, 2S2 square miles.] 



/ 



Month. 



1«6. 



ism. 



ar 



1800. 



lim. 



tar 



18»7. 



1888. 



'ar 



180B. 



1899. 



Discha 


^rge in second- 




Run -off. 




feet. 




Total in 
acre-feet. 

1,928 






n ^ M M. 


Maxi 
mum. 


Mini- 
mum. 

29 


Mean. 


Depth in 
inches. 


c»f»coon-ie« 

per square 

mile. 


99 


82.0 


0.16 


0.14 


32 


27 


29.0 


1,811 


.16 


.18 


50 


29 


40.0 


2.392 


.20 


.18 


67 


37 


42.0 


2,661 


,22 


.19 


51 


26 


37.0 


2.276 


.20 


.17 


64 


86 


41.0. 


2,358 


.19 


.18 


109 


88 


111.0 


6,8^ 


.58 


.50 


91 


40 


54.0 


3.213 


.28 


• .25 


42 


29 


36.0 


2.214 


.18 


.16 


20 


13 


19.0 


1,131 


.09 


.08 


16 


9 


12.0 


738 


.06 


.05 


96 


9 


14.0 


861 


.07 


.06 


169 


9 


39.0 


28.307 


2.39 


.17 


18 


11 


13.0 


774 


0.07 


0.(J6 


188 


10 


24.0 


1,476 


.13 


.11 


40 


16 


19.0 


1,131 


.09 


.(J8 


37 


17 


22.0 


1,353 


.12 


.10 


147 


25 


58.0 


3,617 


.29 


.26 


1,713 


64 


346.0 


19.146 


1.58 


1.55 


1.766 


294 


406.0 


28.623 


2.42 


2.10 


370 


201 


294.0 


17,519 


1.48 


i.:c 


196 


94 


146.0 


8,851 


.76 


.65 


91 


64 


68.0 


4.083 


.34 


.;« 


62 


27 


38.0 


2.343 


.20 


.17 


34 


22 


26.0 


1,613 


.14 


.12 


1,766 


10 


126.6 


90,479 


7.61 


.67 


23 


18 


21.0 


1.226 


0.10 


0.00 


1.640 


22 


91.0 


5,696 


.47 


.41 


34 


31 


33.0 


1,880 


.15 


.14 


34 


28 


31.0 


1,876 


.16 


.14 


63 


27 


40.0 


2.453 


.20 


.18 


70 


32 


40.0 


2.241 


.19 


.18 


83 


28 


35.0 


2,131 


.18 


.16 


37 


25 


33.0 


1.950 


.17 


.15 


H3 


25 


36.0 


2,223 


.19 


.16 


30 


14 


19.0 


1,160 


.10 


.09 


16 


9 


11.0 


672 


.06 


.05 


9 


6 


7.0 


456 


.04 


.08 


1.640 


6 


33.0 


23,841 


2.01 


.15 


10 


6 


8 


467 


0.(H 


0.04 


10 


8 


9 


633 


.05 


.04 


11 


8 


10 


580 


.05 


.04 


18 


12 


14 


8:12 


.07 


.06 


33 


16 


23 


1,414 


.12 


.10 


28 


20 


22 


1.244 


.11 


.10 


40 


18 


26 


1.62:) 


.14 


.1:5 


28 


16 


21 


1,262 


.11 


.10 



58 



WATER IN 80UTHKBN CALIFORNIA, PART I. 



Ettimated monMff diaekarge of San Qobrid River and eanaU near Azusa-Xk 



Month. 



May. 

June... 
July .- 
Aainft 



Thij year 



September 
October ... 
Novomber 
December. 



Jannary.. 
February 
March.... 
April ... 

May 

June 

July 

AniniHt . . . 



The year 



September 
October . . 
November 
Deoember. 



January.. 
February 

March 

April 

May 

June 

July 

Angrust ... 



18B9. 



18B9. 



IWO. 



19U0. 



1001. 



Diachanre In aeoood- 
feet 



Bun-off. 



Maxi- 
mum. 



Mini- 
mum. 



I 



Total in 
acro-feet. 



I 



Sec 
Depth in; feet 
inchea. | iqv 

! m 



4 
6 



12i 
5 
8 
4 



14 

10 

4 

6 



K4S 
S66 

2S1 



0.07 
.(« 
.(« 
.08 



I 



40 



3 ! 



14 



•.87H 



6 


8 


37 


96 


4 


US 


M 


10 


14 


as 


1« 


»i 



m 

83 i 

nil 
» 

Hit , 

10 

5 I 

80 



Theyear 5,300 



61 

•I 
5.900 

63 



1.450 

2.6(6 

440 

130 

»72 

03 

41 



S! 



.1 _ 



2.96 ; 

ids . 

H88 

1.230 



^ 


1 

3S 


1.088 


18 


20 


1,150 


16 


I ai 


1.230 


13 


: 1" 


1.012 


16 


37 


2.275 


8 


15 


803 


4 


6 


380 


4 


4 


246 


8 


80 


14.146 





■ — 


3 


4 


288 


4 


5 


807 


6 


186 


11.068 


31 


4<l 


2.400 


28 


160 


10.301 


137 


606 


38.654 


135 


221 


18.580 


05 


110 


6,545 


83 


121 


7.4441 


41 


63 


3,740 


24 


30 


1.845 


15 


20 


1.240 


3 


130 


07. &« 



86 



0.19 
.(« 
.07 
.10 



.16 

(JO 

.10 

.(JO 

.20 

.08 

(D 

U2 



1.10 



0.02 

.(e 

.98 
.21 



.87 I 
3.27 ! 
1.15 1 
.50 
.63 ! 
.31 ' 
.16 I 
.10 I 

8.23 : 



Discfuirge vieasureinents of nwuntain streams of San Gabriel BaMn^ J89i(. 



stream. 



Puint of measurement. 



San Gabriel River Power company headworkH 

( includeH developed water). 



Dalton Canyon . . 
San DlmaR Canyon 
Sawplt (^nyon . . . 

Total 



In Canyon . 

-do 

do 



Dato. 



Julyl 



Julyl 



July 



Dis- 
charge. 



Date. 



Sec. feet. \ 

15.87 I August 23. 



34 



August 25 . 
August 20. 
August 23. 



15.71 



August 



D 
cba 

Sec 



30TT.] 
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Return waters of San Oabriel Basin near El Monte Narrows^ 1898, 



>tream. 



er ditch 



B ditch 

brlel Biver. 



I ditch 

brlel River. 

otal flow in 
narrowH. 
&in streams.. 



Point of meosarement. 



El Monte road crossing 

Pnmping plant 

In narrows 

First channel— B a Id w i n ' s 

road. 
Old channel— Baldwin's road 

Camper's station 

San Qabriel Narrows 

Old Mission bridge 



xoesjft of re- 
tarn water. 



Date. 



Julys 

do 

do 

do 



do 
do 
do 
do 



do 
do 
do 



Dis 
charge. 



Sec-feet. 
1.88 
1.40 
9.06 
8.79 

6.18 

8.86 

2.44 

29.79 



<B.86 
15.71 



47.14 



Date. 



Dis- 
charge. 



Augost 31 , 

do 

do 

do ... 



do 

do 

do 

.do 

.do 

do 

do 



Sec-feet. 
1.80 
1.40 
6.88 
7.81 

6.17 

.63 

.00 

27.91 



G2.60 
7.49 



4A.11 



r a description of the settlement of the San Bernardino and Red- 
\ districts, see the Nineteenth Annual Report of the United States 
>gical Survey, Part IV. 

RIVER8IDK DI8TRICT. 

HISTORY. 

e first irrigation movement in the Riverside district was made 
e Silk Center Association in November, 18G0. This was a coloniz- 
snterprise for the production of raw silk. Arrangements were 
) for the purchase of 5,000 acres of land from the Jurupa and 
doux ranchos, and 1,400 acres of Government land were occupied 
r the United States land laws. The town of Jurupa was started 
lese lands, the name being changed in 1870 to Riverside. This 
iation filed the first water notices for the settlement and began 
onstruction of a canal in 1870. Silk culture was abandoned the 
that t'he movement was initiated. New parties allied themselves 
the colonizing movement, and the Southern California Colony 
ciation was founded, with Judge J. W. North, president; Dr. 
Greves, secretary; Dr. K. D. Shugart, treasurer; and Mr. T. W. 
r, superintendent. Construction of the canals was begun in 
i^er, 1870. The first canal was built during the winter of 1870-71, 
^rade of 1 inch to 100 feet, from a point on the south or left bank 
mta Ana River about 2 miles below Col ton. The total length 
[3.5 miles. It was 8 feet wide on the bottom, 12 feet wide on top, 

3 feet deep; the alignment and grade were very irregular. It 

4 capacity of a little more than 700 miners' inches (14 second-feet) 
I to the Spanishtown flume, and 500 to GOO miners' inches (10 to 
Bond-feet) below that point. The conduit to the Pachappa Arroyo 
from $50,000 to ^00,000. During the fall of 1871 this ditch was 
ided to Terquisquite Arroyo. By 1875 the ditch had been im- 
ed so that it carried 1,000 miners' inches (20 second-feet), but at 
time not more than 500 acres were irrigated. This is now known 
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H8 the old upper canal of the Riverside Water Company. The diver- 
Hion is by means of a brush dam, and the conduit is wholly in earth. 
There are no en^neering features of interest. 

In 1874 S. C. Evans, of Fort Wayne, Ind., and W. F. Saywai-d, of San 
Francisco, purchased 8,000 acres of land adjoining Riverside and 
uniteii with the owners of the San Jacinto Sobrante Rancho, which 
is situat'Od still farther to the south, to construct another canal from 
Santa Ana River for the irrigation of their lands. The former of the 
proi>OKe<1 settlements was called the New England Colony and the 
latter the Santa Ana Colony. The Southern California Colony Asso- 
ciation l>egan suit to prevent the construction, which had been already 
startiMl, of the new canal across their lands. The dispute was ended bj 
the New England and Santa Ana colonies purchasing, in May, 1885, 
a four-sevenths interest in the original association for the sum of 
$50,()(K). In April, 1875, the Riverside I^andand Irrigation Coni|)aiiy 
was organize<l by tlie memters of the three original colonies or com- 
panies, and by March, 1877, this new company had absorbed all of 
the land and water holdings of its predecessors. In 187G the new or 
lower canal of tlie New England and Santa Ana colonies was eom- 
plete<l, at a cost of 4(120,000, and during the season about 2,000 acres 
were irrigated by the two canals. In July, 1879, the Riverside Canal 
Company, which was organized for the purpose, purchased all of the 
water rights and conduits of the Riverside I^nd and Irrigation Com- 
pany, the latter receiving as compensation all of the capital stock 
of the new company. The value of each share was placed at $20, and 
20,0(X) shares were issued. It was further agreed that the stock should 
l>e adjusted so as to correspond with the number of acres for which 
water was obtained. The avowed original intention of the company 
wjis to have each shai'e of stock cover a particular acre irrigated; but 
the sale of stock in some instances was made to persons who had not 
bought land from the company but had obtained it from the Grovern- 
ment. By this niethoil of disposing of the stock of the canal com- 
pany those originally in power found that they would soon lose 
control, and therefore they passed new resolutions, assigning two 
shares of stock to each remaining acre, the canal company holding 
the shares at a par value of WO each, one share to be issued with each 
acre of land and the other share to remain in the hands of the com- 
pany until it had sold the majority of its lands, when the landowner 
could at his option purchase it at the original price. 

The purpose of the Riverside Land and Irrigation Company was 
l)riinaril\' to i)roniote the sale of its irrigat^l lands. As their affairs 
progressed and the lands were sold the company naturally desired to 
continue its bent^fits by handling the waterworks of the irrigators an*^ 
by expanding its wat;er rights over more lands. Water rates were 
advanced from $1.02 an acre, in 1878, to |;2.23 an acre, in 1881. These 
movements on the part of the company were natui*ally opposed by the 
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gators, and a protracted struggle ensued. The irrigators organ- 
I the Citizens' Water Company with which to battle for their claims. 
3ut this time a State law was passed giving the county boanls of 
^rvisors the right to regulate water rates and eomi)elling the con- 
aed delivery of water at uniform rates to irrigators to whom water 
I previously been sold. The Riverside Canal Company claimed 
kt it had the right to charge such rates as would insure the main- 
lance of its plant and interest on the investment and to charge a 
Ills of $20 to landowners holding no st'Ock. To this the irrigators 
)lied that the original investment had been more than returned to 
) Riverside Canal Company from the sales of its irrigated lands, 
le courts, as is usual in cases of this nature, were slow and indecisive 
their judgments. ITiis dispute, which we see repeated in every 
igation locality, lasted from 1882 to 1885 and ended in the Holt 
npromise. By this agreement the Riverside Water Company was 
^nized by the irrigators to deal in all classes of water property, 
ey issue<l 24,000 shares of stock covering certain 8])ecified lands, 
be an appurtenance thereof, two shares to apply to eacli acre, 
d afterwards to be transferable only with the land. Shares were 
ued for 6,000 acres of land then irrigated, and another (»,CHM) 
res were specified for which*water could be sold as a surplus was 
veloped. This unirrigated land l>elonged to the old Riverside Land 
d Irrigation Company. It was transferred to the new company, called 
3 Riverside Land Company, and one-half of the stock was issued to the 
verside Water Company and one-half to Evans and Feltoii, the lat- 
• the controllers of the old Riverside Land and Irrigation Conii)any 
d the Riverside Canal Company. The Riverside Water ('onipany 
id to the Riverside Canal Company |!70,120 in bonds and exehange<l 
Kjk of the old company for stock in the new at the rate of two shares 
the old stock for one share of the new. The cost of the purchase 
the new company was about $120,000. Residents within the pre- 
ribeil limits who did not own canal company stock were periniltiHl 
purchase it at the rate of $10 a share, two shares to the acre. The 
rigators thus control the Riverside Water Company, elect their oflfi- 
rs, and determine their o^vn water rates. This method of nianagci- 
ent has proved successful, while l)oth corporate and irrigation d is- 
lets have been continuously unsatisfactory. It is an interesting fact 
at no definite decisions were reached through the courts, but that 
ttlements were the result of compromise. The Riverside Water 
^mpauy now successfully operates the plant. It delivers water to 
le stockhdlders at cost, and has improved and extended its works 
Fthe sale of bonds secured by the property of the corporation and its 
ockholderfe.* 



'^ foregoiUK historical statement is largely obtained from Irrigation in Southern Call- 
*^ by William Ham. Hall, State engineer, 1888. 
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The t^viierHl (luvelopineiit uf the liivoraide district is tthowu iu llie 
folhiwin^ l^ble: 

Table uliinritiy eimintercial gtvH-ik nf Hivrnidr, 
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The city h«H two TtttnkH of deposit, one fiavint^ Imiik, iliirteen 
cliui-cliCK, HiicI eiKlit schoollioiiMi-s. It \\sti n debt of tl30,000, aiuI tk 
tnx riite is ii5 CPiitn on tlie hnndred dollars. Thn ratio of its lutulf 
(U'lxmit'S and assesseil valuation to its population makes it prol)Hl>])' ihv 
first oity in per oapitA weaiUi in tho U niteti States. The city covers 
50 sqitaru miles, the croriwratu limits l>ein^ extended to the oiitlyinj! 
lands, larj^Iy for the pnrposu of local water and hortictiltund con- 
trol. In June, 18ii3, it became tlie county seat of the newly fonnwl 
county of Riverside. 

The canals of the Riverside Water Company cover 12,000 acres oi 
laud, of which 8,5(>0 acres are nowbeint; irrigated. The remaining 
;i,AOO acres are lo Ite sold and improved. The main canals aggr^ 
gate :tii miles in length, while the lat«rHl pities, the flumes, tbe 
cemented and open ditches for distribution exceetl IfiO miles in 
length. \Vat*T is conveyed direct to every subdivision of the 8,500 
iicfes under the irrigating system. 

RIVERSIDE WATER COMPANY.' 

WATER SUPPLY. 

The Uiverslde Water C^onipauy obtains it** supply from Wiinn 
Creek, from Sania Ann River, and froni aitesiaii wells. 

Warm Creek has its source in San Iternardiuo Valley, Similes ewtof 
the town of Ran IJeniai-dino, and is fed entindy by springs and return 
water along its cour.sc. The flow is uniform, being about 80 Becori<)- 
feet during the irrigal ing season. It has no defined surface eonnecli«" 
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ith the luouiitHin drainage line. Its source is largely near Harlem 
mngs, about 4 miles east of the city of San Bernardino. 
The surface water of Santa Ana River is all diverted near the 
jwih of its canyon above Redlands, and for miles the bed of the 
ream below that point is totally dry during the irrigating season, 
it gradually the underflow comes to the surface at points south of 
e town of San Bernardino, and uniting with the return waters from 
'igation on the mesas on the north side of the river amounts to 8 
cond-feet and becomes a valuable adjunct to the Riverside Water 
)mpany's supply. 

The artesian wells of the Riverside Water Company are located on 
veral tracts of land, all situated in San Bernardino Valley east of 
)lton, San Bernardino, and the dike previously referred to. They 
ir>' in depth from 68 feet to 590 feet, and in diameter of the casings 
om G inches to 11 inches. The largest is a 9-inch well near Harlem 
3rings, 504 feet deep and flowing, on August 26, 1808, 3 second-feet 
* wat^r. 

The distinctive feature of the water supply of the Riveraide Water 
orapany is its constancy. Warm Creek is the principal source of 
ipply. The volume that is available at the headwotks of the canal 
jee PI. IX) remains practically Constant, winter and summer, dry 
ears and wet years, except when the unusual floods from the moun- 
lin basins are projected far out into the valley, flowing continuously 
irough to the narrows. As has previously been explained, the sup- 
ly is largely regulated in the underground reservoirs of the valley, 
lie point of diversion l)eingatthe lower level of the reservoir insures 
continuous flow, even during dry years. The driest cycle of seasons 
f which there are records of stream flow is the five last past, and it is 
laimed by the water company that its supply was equal to the nor- 
»al during the summer of 1898. On June 30, 1808, there were flow- 
ig in the canal at the old Colton mill, above all diversions, 3,473 
liners' inches (60.46 second-feet) of water. This is considered a 
ormal summer flow from the various sources of supply. 
Construction of the Davis well, which was leased by the owner, 
apt. Louis S. Davis, to the Riverside Water Company for the season 
f 1899, was started April 27, 1800. The well was completed May 12 
f the same year. It is 510 feet in depth, has a 10-inch pipe, a No. 12 
on casing, and the same size all the way down. The cost was $804. 
^e water all comes from the bottom of the well. When first finished 
rose 34 inches above the top of the casing, and by weir measure- 
ment amounted to 350 minei*s' inches. The well is located in the 
^rtheast corner of lot 17, block 44, of the 12-acre survey of the San 
^niardino Rancho. On Octol>er 2, 1809, it was flowing, by weir 
measurement, 233.7 miners' inches. 

^n April 3, 1900, the Riverside Water Company was successful in 
^^ining another large flowing well in San Bernardino County, the 
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whUt in which rises 12 inches alxjve the easing. Th«; well yields 
more than 15() miners' inches, making it the second largest well in 
San Henianlino County. It is located near the Davis well. The 
strike came at a particularly op()ortune time, as Captain Davis refused 
to lease the Davis well to the water company this year (1900), and the 
wati*r wjis shut off from the Riverside ditches about April 1, IIKX). 
The strike was made at a depth of 540 feet. This well ib the fourth 
in the district that is now flowing more than 100 miners* inches. The 
Riverside Water Comiiany has a large tract of land in line with thes^ 
wells. 

MAIN CANAL. 

The main canal of the Riveraide Water Company has a capacity of 
100 se<*ond-f<H)t. It diverts water fn>m Warm Creek, a half mile easst 
of the town of Colton and just above the junction of Warm Creok 
with Santa Ana River, by means of a well-constructed brush dam. 
The canal follows along the west or right bank of Santa Ana Riv^^r 
for a quarter of a mile. At that XK)int a 6-foot drop is made through 
a turbine wheel which develoi)s about 25 horsepower during theilry 
summer months. This i)ower is used to pump 104- miners' inelie.s 
(2.0S second-feet) of develoixMl water from a pit and trench extend- 
ing into and across the sandy bed of Santn Ana River. From tin's 
drop the water enters a cement-lined canal. Thence it crosses tlie 
Santa Ana in a sul>stantial redwo<xl box flume about 1^ miles lon^, 
sup(K)rted the entire distance upon piling. (See PI. LXIII, B, of tlie 
Twentieth Annual Rejwrt., Part IV, p. 554.) The flume box is S feet 
wide, 4 feet deep, an<l on a grade of 20 feet above the be<l of Santn 
Ana River in the highest place. After crossing the river the water 
enters a GO-foot tunnel, then a short stone ditch, and Anally the 
long tunnt'l, which is 3,250 feet in length, 7 feet and 8 inches 
wide at l)ottom, 8 feet an<l 4 inches wide at the 4-foot mark, and 
feet high. The top of this tunnel is i"oofeil with heavy timliei'S 
covere<l with rcHlwoo<l lagging and resting on brick piei*s laid in 
pure cement. The lM>t.tom and the walls l)etween the piers are made 
of well-rannned concrete, the whole Iwing covered with a coati«f^ 
of pure cement. Aft^M* the water leaves the tunnel in its conrj^*^ 
lowanl Riverside it makes a drop of 40 feet at Highgrove and fu«" 
nishes, from a Stillwell & Bierce turbine, 250 guarant^eed theoretie?^^ 
horsi»power, which is now used by the San Bernardino Electric Ligl ^••^ 
and Power Company to develop electricity, which is supplied to Colter ^^ 
and San Bernanlino for illumination and power purposes. At Rive ^*' 
side the upper canal is connected with the lower canal by a 32-foc:^^^^ 
fall, which furnishes power to the National Ice Company for W^""^^ 
manufacture of ice. The canal runs thrcmgh the city of Riversi de _ ^^ 
making four more drops lK»foro it n»aches its destination in t^^*^ 
Teniescal Wash. 




li CEMetJTEO CAN*1. OF nivEBSlOE WATER 
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Jwiiig to the loss of water by seepage and evaporation during the 
t summer months of the irrigating season, an<l to save the expense 
cleaning vegetation from the canals, it lias been found economical 
plaster the banks (see PI. X). The usual method followed is to firat 
)roughly wet the canal, when dry, by building earth dams at inter- 
Is which will bring the water as near the top of the canal as possible. 
e water is allowed to soak into the ground and the remainder is 
*ine<l off. After the canal has again become dry enough to work 
is excavated to a subgrade three-fourths of an inch outside of the 
?ti()n of the bank and below the true grade. The lining is extended 
each side of the top of the bank for a distance of 6 inches and a 
pth of three-fourt lis of an inch. Just before plastering, the banks 
the canal are thoroughly wet, by spraying or sprinkling. The 
meiit moi*tar, which is applied to a depth of three-fourths of an 
3h, is composed of one barrel of pure Portland cement to four bar- 
Is of clean, sharp sand thoroughly mixed dry on a floor, after which 
fficient water is added to moisten to the proper consistency and the 
lole is again thoroughly mixed. The canal is first plastered on the 
lesaiid a selvage of 5 inches is built on each side of the top; the 
ttoin lining is put in last. It is finally completed by washing with 
coats of liquid cement. After the cement mortar is in place the 
Dal is kept moist for six days, so that it will harden with uniform 
lor. 

MEASUREMENT OF WATER. 

\n iinport^int detail in connection with this canal system is the 
asurement and division of the water. Near the head of the main 
ml, where it crosses the Southern Pacific Railway's main line to 
ma, is a weir which measures the greater portion of tlie water 
erteil by the company. A device of local origin has been con- 
iicted for permanently recording the discharge over the weir. It 
nade in Riverside, by Mr. 0. II. Watson, and costs, set up, about 
, or $40 in the shop. 

AUTOMATIC WATER REGISTER. 

'his is a register for recording accurately the elevation of the sur- 
e of water m either a reservoir or a flowing stream. It consists of 
upright revolving cylinder the motion of which is regulated by 
3kwork, covered by the record sheet of paper, which is ruled in 
tical lines, each space representing one hour of time, and in hori- 
tal lines measuring the elevation, which is marked upon the record 
et b}' a pencil fixed upon an upright rod terminating at its lower 
femity in a float resting in the water. The register is inclosed in a 
stantlal wooden box or case 45 inches in height, 17 inches in width, 
i 12 inches in depth, which is provided with a secure lock. The rod 
ending from the recording pencil to the float passes through the 
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[NO. 59. 



Stationery.- $59.72 

Breaks in canals 107.95 

ReiMurs 4,938.25 

Salaries.., 5,757.00 

Cleaning canals and laterals 4, 062. 10 

Expense (office rent, etc.) 654.94 

Nightwatch 90.20 

Zanjero wages .. . . 5,097.15 

Domestic water salary. 1,300 00 

Feed 462.15 

Postage ... 186.50 

Pipe repairs ... 274.64 

Temporary water leased 8,459.14 



Total 



$70,142.88 



1,252,439.84 



lAabUities. 



Capital stock 

Bonds payable in 1912 

Dividends (from land company) 

Loss and gain 

Accounts payable 



236,380.00 

812,500.00 

20,000.00 

86.058.77 

62.50 



Operating income. 

Ranch $1,897.32 

Water sales by the inch 59,454.10 

Water sales by the acre .. 5,673.60 

Waterpower 4.891.65 

Domestic water., 24,662.65 

Rent 859.25 



Total 



97,438.57 



1.252,439.84 



The receipts of the company for water service are shown in the 
following table: 

Receipts of Riverside Water Company for tvat^r service. 



Year. 



18H6 
1887 
1888 
1888 
1860 
1891 
1892 



Irrigating 


Domestic 


system. 


system. 


$21,418.81 


$120. 10 


24.919.47 


1,658.05 


2:1890.44 


3,672.30 


26,394.16 


9,525.00 


33,516.00 


13,058.45 


37,421.46 


19,209.83 


39,557.10 


22,849.30 



Year. 



1893 
1894 
1895 
1896 
1897 
1898 
1899 



Irrigating 
system. 



33,884.91 
40.738.80 
33,594.43 
35,277.06 
49.?i6.88 
58,282.93 
65,127.70 



Domestic 
system. 



23.151.10 
22,284.60 
22.3lS.43 
2S. 463.76 
21. 719.60 
23,972.01 
24,662.65 



The capital stock of the Riverside Water Company is 1240,000, 
divideil into 24,000 shares of $10 each, intended to cover 12,000 acres, 
two shares of stock being issued for each acre of land. Of this entire 
capital stock, to December 31, 1899, there had been paid in and stock 
issued for $236,380, or 11,819 acres. The amount of cash expended by 
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the company to that date was 11,252,439 ; the value of the plant is esti- 
mated at *2,500,000. The amount expended annually since its organi- 
zation, in purchase and construction, is shown by the following table: 

Annual expenditures of Riverside Water Company in purchase and construction, 

1893 $84,583.91 



im $120,000.00 

1886 27.00 

18S7 598.56 

1888- 64,657.28 



1894 73,207.72 

1895 16,049.:i2 

1896 11,404.47 



1889 ... 311,962.02 I 1897 . .. 9,681.32 

1890.. .. 41,362.22 1898... 18,255.85 

1891 178,666.59 1899 16,324.65 

1892 59.118.72 

Water rates fixed by the board of city trustees of Riverside, 

1885 to 1888, inclusive, 7i cents fori miners' inch, 24 hours* run. 

1889 to 1897, inclusive, 10 cents for 1 miners' inch, 24 hours' run, or $7 per 

acre per annum, unlimited service from pressure pipes. 
1898 to 1900, inclusive, 15 cents for 1 miners' inch, 24 hours* run, or $10 per 

acre per annum, unlimited service from pressure pipes. 

DOMESTIC SYSTEM. 

Water for municipal and domestic purposes was at first obtained 
from the irrigating canals; but in 1886 the Riverside Water Company 
l)egan the construction of its domestic system, by which artesian water 
for municipal and domestic uses is delivered through a well-conceived 
and comprehensive pipe system, under a pressure of not less than 70 
pounds to the square inch. The capacity of the system is 3,0()0,0CK) 
gallons daily. The water supply is from eighteen artesian wells lo- 
cated in lot 4, block 65, San Bernardino Rancho, alK>ut 2 J miles east 
of the town of Colton. The wells vary in depth from 111 feet to 344 
feet, and cost, on an average, $500 each. 

In the fall of 1887 the first group, consisting of six 11-inch wells, 
were sunk to an average depth of 115 feet, and flowed, when finished, 
about 5 second-feet. These wells were su fficient to supply the domestic 
consumption of Riverside for several years; but as the demands for 
water increased the company found it expedient to construct more 
wells, which they did, using casings of smaller diameter and sinking 
the wells deeper in order to tap lower subterranean strata. The 
water fi-om all of these wells \^ conducted through a gravity vitrified 
pipe line to a circular cement-lined reservoir, where it is aerified over 
a partition. (See PI. VI, B, ) 

From the reservoir the water passes through three screens, of dif- 
ferent size mesh, to a 17-inch steel pipe. Pipe of this size extends for 
a distance of 3.8 miles, when it is reduced to 16-inch steel pipe for 
the remainder of the distance (4.3 miles) to Riverside. The pipe line 
has a total fall of 172 feet to the center of the city of Riverside, and a 
capacity of 3,900,000 gallons daily. In the city the larger mains — 
0-inch, 8-inch, and 9-inch — run east and west and are connected 
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^ ,:"f...T^ with smalltM" jiipos. Tho fire hydrants tif^^ 
a.-^»- Tiiains and afford oxcoHent firo s«M'vi(.'«*. 

GAGE CANAL SYSTEM.- 

■ ,. ■ Ilia", is in Rivcrsich? and San Hornardino counties. It =^ 
^ !i iii»' brd (»f Santji Ana River, in h»t 4, lihjck »'»H, Sa » i 
uiiiflm: <ir a more specific desfrii)tion would 1h» SW. _| 
^ . li. I W., S. H. M. Th(» initial point luw an al)solut « • 
. •# ■ •■ -.f'a Ifvel of IJKjr) foot. The lorininal jMiintof the eans*. 1 
- :■:. iM.undary (»f SK. ] see. II), T. :] S., R. 5 W., S. W, MT - 
<aM«-»' UMwoon the two ])oints, following the line of tlic* 
*?i:'.i's. Tin* eonstrnetion (»f the <*anal projKjr was bejJTU 11 
-..' ^>"> and was !inish(Ml as far as flume No. 0, over Teniuis;^- 
. •••* , !!i th«* year 1S80. The at'tual work of eonstruction of 
. - .-.*. -liC [tort ion was bejujun in the spring of J88K and was prjiel i- 
M"*»-d tluring that y(^ar. The whole of the eanal was exeji- 
. .. ^•" sn-rally in the elay fiinnation, on a grade* of 2 and 3 feet to 
• -t .-. i:id iti a nnif(»rm <le])th of \ feet, with varying width of 
I. . ■ ■ 

"• v»««MU[>;inying maj) (PI. I) sliows the loeation of the eanal in 
• .-. • r i» all t»f the internnHliate points and the adjaeent ttM'ritorv. 
t. and \I, and figs. .'? to 14, inelusive, show features of 
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. a^:- u'tion of the (iage canal was begun by Mr. M. Gagt' in fit 
. \nd was finished so that wat<M' was run through it as ^ 
V . «-. ■•:'o Arroyo in thr fall of ls8r.. During the wintrr of ,' 
• .0 ; unnels were thoroughly cementeil on the si(h»s 
. ..• I \k'v:\\ «>f from -I to fJ inehos, with Portlaml eement mw- ■ 
!, ■ ^»:»s w*'!^' timbered. 
... It. •V.ework was un<ler the sui)ervisi(m of ('. C Miller, 
,:ir K tiage, as superintendent of eonstruction. On A 
, V. v^.". ^^ Irving took eharg<» of the work as engineer, Mr. r 
•..;, »> 'superintendent of eonstruetion. 
. ., .\ 'vui of the year 1SS7 a temi)oraiy eonueetion was r 
. , ^ • ».» YAulof the eanal and the river, and water wa,s run i 
^ * ,.«.. Riverside in (juantities varying from .*^no to ."itK) 
^ x •. U'lnands of the owners of tin* land reciui red. 
, ■' '.he (*anal l)et\veeii the head irates and Ter- 
^ .. A-ut -1 l'e<'t to the mile, and the total distanee 
..^ '. *i!>ring of 1SS7 a surveyor the (•ontinuation 
. •■.Miuite Arroyo was made by W. Irving, t!ie 
. ■ iTenera! location determine<l on oi- about 
■/'le grade on which the continuation was 
'•.c mile, oi- about O.oi^ foot to the stati«m. 

^ \ i'-.x Irvini;. «-f Ivivi'i-Nid'-. f«ir most of tli»' l:i.ts li.r.in 
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On August 1, 1887, the permanent head gates were locat-ed and the 
work of construction was begun. In November, 1887, the water was 
turned into the canal through the new heiwl gates, which are shown 
in fig. 3, page 86. In fig. 4, page H7, is shown a section of the 
headworks. 

On August 15, 1887, the work of constructing a submerged dam for 
the <li version of water to the canal and for carrying the water from 
tho sources on the north side of the river was begun, the dam being 
completed al)out the end of Novemlx*r of that year. 

In the same year Mr. M. Gage claiuKHl to l>e the owner of all of tho 
water flowing in Santa Ana River at the point of diversion, which at 
that time was said would equal, on an average, about 450 miners' 
inches, or cubic feet per second, during the irrigation months. At 
the same time Mr. Gage had developed, by means of fourteen ai*tesian 
wells, a])out GOO miners' inches, as measured by G. (). Newman, mak- 
ing a total of 1,050 miners' inches, or 21 cubic feet per second. The 
owners of the Gage canal l)ought the Camp Carlton ditch, one of the 
old water rights of Santa Ana River, upon the ownership of which it 
based in part its claim to the total flow of the river at its he^vdworks. 
[n consideration of this transfer the vender was to receive water from 
the Gage canal. 

At that time Mr. M. Gage was the owner of all of the lands known 
^s the Orange Grove Homestead, amounting to about 2,300 acres and 
situated in and forming part of the San Hernardino Rancho. Santa 
Ana River flows through these lands for a distance of about 3^ miles, 
the coui-se of the river being S. 65° W., on a line passing through 
points of entrance and exit. The lands described form both banks 
3f the river throughout very nearly its entire course. In consequence, 
Vlr. Gage, as riparian owner, claimed all of the wat^r flowing in 
the river at that point. About the end of June, 1887, the Riverside 
Water Company entered suit against him, denying his right to take 
more than a certain amount of water from the river. The case was 
tried, and the judgment, which was given in the early part of 1888, 
limited the amount of water to be taken from the river by Mr. Gage 
luring the irrigation season — including the months of May, June, 
July, August, and September — to 289.5 miners' inches. Under that 
lecision it is presumed that during the remaining seven months all 
)f the water flowing in the river may be taken out and used by those 
ivho can obtain it. 

In the spring of 1888 the total available supply to the Gage canal 
^as as follows: 

Miners' inches. 

Riverwater 289.5 

Parish ditch, Bay 30.0 

From wells 600.0 

Total (1887, 1888) 919.5 

Or 18.39 cubio feet per second. 
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During a flcKxl in Santa Ana River in the month of February, 1888, 
the submerged flume was carried away, and up to the present time 
it has not l)een rephiced. 

In the latter part of 18S7 and the early i)art of 1888 the portion of 
the canal l)elow Terquisquite An'oyo was finally located, the ter- 
minal point being on the SE. i sec. 19, T. 3 S., R. 5 W., S. B. M.,8.26 
miles distant from the terminus of the upi)er section, measured on 
the line of the canal. This makes a total length of canal equal to i 
20.10 miles l)etween the head gates and the lower end, or the point ^ 
al)ove described. 

The work of construction on the second or lower section of the 
canal was Ix^gun in the early part of the year 1888, Grant Brothers 
having the cont rat^t for the earth work. Fl umes Nos. 9 to 1 3, inclusive, 
were constructe<l by Mr. M. Gage, under the supervision of W. Irving, 
as engineer, and R. (rage, as superintendent of works, and the whole 
was practically completed in the early part of August of the same 
year (1888), except a short interval (about 1,700 feet) through sec. 21, 
T. 3S., R. 5 W., S. B. M. 

On March 31, 1888, the water was first turned into flume No. 9, over 
Terquisquite Arroyo, and from thence over to flume No. 10 and into 
the canal below for a distance of about 0(X) feet. Aft^r that date it was 
run to section 21 , as already described. The amount of wat^r running 
in the Gage canal during the month of July, 1888, was from 600 to 700 
miners' inches, measured at flume No. 3, which was used for the irri- 
gation of lands north of Terquisquite Arroyo, a portion of the water 
wasting at flume No. 11, Arlington Heights. 

During the year 1888, commencing about the month of April, a num- 
ber of wells were sunk in the river bottom near the point where Moun- 
tain View avenue crosses the river. This group of wells was known 
tlien and for sometime afterwards as group E. They were eleven in 
number, including two wells excavated in 1887 a short distance west 
of the avenue, the remaining nine being located east of the avenue, 
seven of them on the south side of the river and two on the north side. 
This group (E) of wells was redesignated in 1802, and they are now 
known as wells Nos. 28 to 38, inclusive, and form part of a general 
numbering (1 to 55) of all the wells tributary to the canal. The}- all 
are 10 inches in diameter, and at the time of excavation Nos. 28, 29, 
33, 34, and 35 gave a very large flow and added greatly to the water 
supply. The combined flow of the eleven wells equaled 677 miners' 
inches. 

During the year 1888 three additional wells were excavated on th c= 
east bank of the canal between flume No. 1 and the point where tli^= 
Santa Fe Railroad crosses the canal. These wells are 10 inches i^i 
diameter. They formerly were known as part of group B, but no^i^r 
are known as Nos. 7, 8, and 0. They have added about 120 miners' 
inches to the general supply. At the end of the year 1888 the tot«,/ 
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wat^r supply available was equal to about 1,500 miners' inches, Jis 
follows : 

Miners' inches 

Group B (No8. 7. 8, 9, 11, and 12) 250.0 

GronpC (Noe. 45, 46, 47, 48, 49, and 50) 258.0 

Group D (Nob. 51, 52, 53, and 54) 45.0 

Group E (No8. 28 to 88, inclusive) .. 582.5 

Parish ditch 75.0 

River water 289.5 



Total .. 1,500.0 

or 80 cubic feet per second. 

During the year 1889 the Gage canal below Terquisquite Arroyo 
was completed in all of its parts and the water was run to the lower 
end. Improvements all along the line between the head gates and the 
terminus were made to gnuie by releveling, cutting, and tilling, bj'^ 
increasing the strength of banks in the tills and wherever else needed, 
and by relining the tlumes to grade where they had settled on their 
foundations. 

The maintenance of the canal was under the supervision of Mr. M. 
Gage, represented by Mr. Irving, as engineer, and the expense was 
borne by Mr. Gage, excepting the portion between tunnel No. 13 and 
Terquisquite Arroyo, which was partially borne by the* East Riveiside 
\Vat.er Company. Many serious breaks occurred during tlie year 1 S8(), 
causing several da3'S' interruption in irrigation and 3onsiderable 
expense for repairs. 

The total cost of construction of the portion of the canal south of 
Terquisquite Arroyo, including flumes Nos. 9, 10, 11, 12, and 13, was 
$30,250.73, as follows: Cuts and fills, $14,849.81; flumes (2,750 feet), 
$13,900.92; engineering, $1,500. Total length of canal, 8.22 miles. 

During the months of June and July, 1889, Mr. E. Low planted to 
orange trees the greater portion of the south-central 80 acres of 
sec. 35, T. 2 S., R. 5 W., S. B. M. On this land was used, in 1889, the 
first water from the Gage canal below flume No. 9 for a useful purpose. 

During this and the previous year the lands of Arlington Heights 
were platted in a most thorough manner by Messrs Whitten and 
Rawson, under the supervision of Mr. Irving, the street divisions 
generally inclosing 40 acres and the block thus formed being sub- 
divided into lO-acre lots. All acreage is exclusive of streets. 

During the early spring of 1889 one more well was sunk, forming 
part of group B and now known as No. 10 in the general numbering. 

On April 17, 1889, by request of the Home Life Insurance Company, 
of San Francisco, Prof. E. W. Ililgard, of the University of California, 
made an examination and measurement of all water flowing or possi- 
ble to flow at that date from the water sources of the Gage canal. 
The following are the results of the measurements made while all of the 
sources were flowing simultaneously and had been flowing for about 
thirty-six hours. The designation of the wells which was adopted by 
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Professor Ililgard was the letters A, B, C, and D for certain groups 
of wells which afterwards were known as B, C, D, and E, the A in the 
latter enumeration representing the Hunt A, Cooley wells, in which 
Professor Hilgard was not interested. In the following enumeration 
tlie latter designation has been adopted, making it agree with all ol 
the other roferen<*es, to which will he added the present numbering: 

Misers' 
inches. 

Group B. orNos. 7 to 12, inclusive (6 wella) 360.0 

Group C. or Nos. 45 to 50, imluBive (6 wells) 235. 

Group D, or Nos. 51 to 54, inclusive (4 wells) 35.0 

Group E, or Nos. 28 to 38, inclusive (11 weUs) 571.0 

Parish ditch 157.0 

South side streams (estimated) 75.0 

Water right in Santa Ana River 289. 5 

Total -. 1,612.5 

On July 27, 1889, by request of the Riverside Water Company Mj 
G. O. Newman, representing that company, and Mr. Irving, repn 
senting Mr. M. Gage, examined for the first time since the decision ( 
the court was rendered the diversion of water from the river throng 
the Gage canal. They measured the total flow in the c^nal on th 
weir at flume No. 3 and determined the net product to be 746 miner 
inches. 

Miners' 
inches. 

Wells of group £ (Nos. 1,2,3, 4, 0, 7, and 8, or, according to the present 

numbering, Nos. 38, 37, 36, 35, 33, 32, and 31) total discharge 320. 

Water right in river 289.5 

Parish ditch (estimated) 120.0 

Total water flowing at head gate 729. 5 

Measured water flowing into head gates over weir. 594. 



Balance unused 135.5 

The difference between the amount of water at the head gates and 
that at flume No. 3 is accounted for by the discharge of the wells of 
group B below the head gates. On July 26 or the day previous there 
was a larger quantity of water discharging into the canal at the head 
gates, as shown by the following: 

Miners' 
inches. 

Water right in river 289. 5 

Product of seven wells... 300.0 

Parish ditch 140.0 



Total at lower weir 729.5 

Deduct amount at head-gate weir 679.0 



Balance unused 50. o 

The flow of water in the canal during the year 1889 varied from » 
maximum of about 8(X) miners' inches in July to about 500 miners' 
inches in November. 
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During the year 1890 many changes and improvements were made 
in connection with the canal and the lands of Arlington Heights. 
Mr. Gage had visited England in the fall of 1880, and hjid interested 
capitalists in his enterprise of developing the lands at Arlington 
Heights. In furtherance of the project two representatives, Messi^s. 
T. Waterhouse and Wilson Crewdson, were sent by them to River- 
side to examine the property. Their report being favorable a com- 
pany was formed, the capital stock of which was plac(Ml at ♦1,255,000, 
divided into 5,000 A shares of |i250 each and 1,0(X) B shares of $5 eacli. 
On Deceml)er 13, 1889, a provisional contract was entered into Ix^tween 
Messrs. M. Gage and Wilson Crewdson, which was assigned to the 
new company, known as the Riverside Trust Company, Limited. 

During the early part of the year 1800 pipe lines of riveted steel 
plate were laid on Adams and Jane streets, and substantial bulkheads 
were constructed in the canal where the pipe lines onU»red. A 
vitrified pipe line similarly connected was laid on Evans street as far 
as Dufferin avenue. During the fall and winter following the canal 
was lined with masonry at the lower fill, between Harrison and John 
streets, and at flumes Nos. 13, 12, 11, 10, and 0. Retaining walls of 
masonry were also constructed at the ends of all of these flumes, thus 
removing the woodwork from cont^wt with the clay. In addition to 
this the fill at Hall's reservoir and Eighth street, north of Terquis- 
qiiite Arroyo, was lined with masonry and cement i)laster. 

A portion of the Williams tract lying east of the east and north line 
of the bluff of Banta Ana River, amounting to about 430 acn^s, was 
purchased b}' the Riverside Trust Company, Limited, in 1800. This 
purchase extended the frontage on both sides of the river 1 mile 
farther to the east, thus making a continuous frontage due east-west 
of 4 miles, or by following the course of river about 4^ miles. 

During the year it was determined to construct a levee on the south 
side of the river, beginning at the head gates and extending east, and 
in connection therewith to construct a flume immediately behind it 
for the conveyance of water from the artesian wells, and if thought 
necessary to carry therein to the head gates the river water that could 
be taken out at a higher point. Piles 8 inches by 8 inches by 10 
fei^t were driven at IG-foot intervals on the line determined for the 
levee, and an embankment of brush and sand was formed behind 
the piling and connected to it. The flume was placed 50 feet from the 
face of the levee. It was constructed of cedar framing and sheeting, 
and was gradually submerged below the surface of the ground as it 
extended up the river. About 1,000 feet of these works were built 
(luring the year, extending upstream from the old head gates. 

No official measurement of the water of the Gage canal was made 
during the year 1890, measurements having been deemed unnecessary 
because there was not a scarcity of water. Well No. 55 (the Camp 
Well) was excavated during the year, but was not then used as a part 
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of the canal water supply. Its flow was estimated to be 50 miners' 
inches. 

During the year 1891 pipe lines were placed on Maude, Horace, 
Washington, Gratton, Irving, Jackson, John, McAllister, and Stuart 
streets, and laterals from them were run to the lands of Arlingfton 
IIcM^^hts, amountingin the aggregate to more than 1,000 acres. Masonry 
foundations were built for all of the flumes from No. 9 to No. 13, 
inclusive, and bulkheads were constructed at the canal for all of the 
entering pipe lines. Arrangements were made to cement the canal 
from the head gates to flume No. 6 wherever it had not already been 
cemented. During the latter part of the year contract therefor was 
made with Gray Brothers, of San Francisco, and work was begun in 
Deeeml)er between flumes Nos. 1 and 2. The work consisted of a 
thorough reconstruction of the canal by a realignment and regradingof 
all parts, resulting in a more perfect cross section. Plaster three- 
fourths of an inch thick, composed of one part Portland cement and 
four parts clean, sharp sand, was applied to all parts of the canal in ; 
natural banks; to all parts in made banks and side-hill work the outer 
slopes were lined with 6-inch masonry and then were plastered with 
cement. The ends of all flumes were incased in masonry abutments 
and retaining walls, freeing them from contact with the earth. During 
that year (1891) about 1,000 acres of land were planted on Arlington 
Heights. In 1889 an employee of the company was stationed at flume 
No. 3, wliose duty it was to keep in repair the section of the canal 
along the bluflf and to make a daily record of the quantity of water 
flowing in the canal at flume No. .'5. 

During the winter of 1890-91 floods carried away a portion of the 
levee and the casing of the channel behind it. This was owing to 
obstructions in the channel above the works, causing a diversion of 
the river which forced it to approach the levee at almost right angles, 
resulting in the cutting of a passage which exx)osed the channel behind 
to the destructive action of the water. During that season wells Nos. 
1 to C and Nos. 13 to 27, inclusive, were excavated, making in the 
f^^gvegat^ 21 additional wells. 

The cementing of the canal as far as flume No. G, a.s previously 
determined, was completed during the spring of 1892. In that year 
pipe lines also were placed on Arlington avenue and on Ana, Mary, 
Madison, Evans, St. Lawrence, Jefferson, Irving, Monroe, Van Buren, 
Robert, and Harrison streets, and a large number of laterals were 
ext<inded from the mains to the lands and connected with the irrigating 
flumes. Considerable additional land was planted during the year, 
but not so much as during the previous year. Arrangements were 
also made to (continue the cementing of the canal from the point 
where it had been completed in the spring to the upper end of flume 
No. 10, south of Terquisquite Arroyo. Contracts for this work were 
entered into with Gray Brothers. The work was l>egun during the 
month of December and conUnweddvmtv^xXv^ T^\iv^\wder of the winter. 
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s name year (1892) James Sheddaii was made sanjero of the 
bove flume No, 3, including head gaten, artesian wells, and 
id the work of levec construction was carried on with vigor. 
rt of the leveo between the head gates and well No. 39 was 
ed during the year and was tested by the floods of the follow- 
ter, with fairly satisfactory rcHults. Wells Nos. 39 to 44, 
e, were excavated, making 6 additional wells added to the sya- 
t year. 

ovember 11, 1892, careful measurements were begtin of the 
iter supply of the Gage I'anal system developeil up to that 
d were continued several days, for the purjKiHe of determining 
irtors in ponnection with the water sources, Tliechief results 
marized iu the following table: 

Artesian rmtlls of Oage cajml iq/Ktem, 1893, 



86. T5 
lOPTA 
Di.TE 
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It will be understood that the gagiiign are minimum measurements 
taken at the end of the irrigation season and while all of the wells 
were running open and part of them had been running open during 
the season. The pressure (in feet) of each well was taken while it 
was closed. The average flow for each well is 35.15 miners' inches; 
the total flow is 1,703.45 miners' inches, or 23,243,112 gallons daily. 

The work of completing the cementing of the canal was prosecuted 
during the first three months of the year 1893 and was completed in 
time for irrigation. Pipe lines were placed on Monroe and Gibson 
streets and laterals were laid to about BOO additional acres of land. 
An improved hydrant and hydrant box were adopted — the latter being 
formed of cement — and attached to all of the irrigation laterals and 
flumes that were put in during that year; in cases where new boxes 
were needed elsewhere the improved boxes were placed on the old 
forms. About 800 additional acres were planted to oranges and 
lemons during 1893, and arrangements were made during the latter 
months of that year for the cementing of certain portions of the canal 
south of flume No. 10 in the same manner as work already done, but 
the company decided this time to do the work under ita own supervi- 
sion. The work of excavating the channel behind the levee was also 
carricil on, and was completed as far as the finished portion of the 
levee. The levee was extended up the river about a half mile, or a 
considerable distance alx)ve the adjacent wells. No additional wells 
were excavated during the year. 

In 1894 the work of cementing the canal south of flume No. 10 was 
proceeded with during the spring months, and al)out 1,200 feet imme- 
diately south of the flume and Arlington avenue were cemented; 
water service was added to about 200 acres of land, which were 
planted the same year to orange and lemon trees. The trenching on 
the south side of the river was continued during the spring of that 
year, and at a distance of 5,650 feet (1.07 miles) upstream connection 
was made with the river. The river water owned by the Riverside 
Trust Company was diverteil into this new channel, and the whole 
supply on the south side of the river, including the wells, was 
carried through the channel to the head gates. A channel on the 
north side of the river from the head gates upstream was also com- 
menced and a large portion of it was finished that year. 

During the years 1895 to 1898, inclusive, the levee in the river bot- 
tom was extended and added to from time to time, until now it extends 
on both sides of the river a distance of about 2 miles upstream from 
the original head works. 

WATER SUPPLY. 

The water supply of the Gage canal system is, as already stated, 
largely from artesian wells. During years of drought the supply is 
wholly from wells. The number of wells has been increased from 
jear to year, as the demand for water grew and as the old wells 
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lecame silled up. It is also probable that the extreme drought from 
1892 to 1900, coupled with the general increased demand upon this 
artesian basin, has reduced the flow of the wells. Their mainte- 
unce is remarkable, and is one of the numerous evidences of the 
mt extent of the supply. 

The number of wells in the Gage system and their output are as 
follows: 

MinerM* inrhos. 

1887, 14 wells, approximately . . 600 

FaU of 1888, 26 wells ... 1.135 

Spring of 1889, 27 wells . _ 1,091 

October, 1892, 55 wells . 1,793 

Jnne, 1899, 68 wells 1,440 

In June, 1899, 55 of the 68 wells were flowing and 13 of them were 
»ot flowing. The maximum output is stated by the comi)any to have 
[been 1,440 miners' inches. The company has a right t;0 280.5 miners' 
inches at its headworks on Santa Ana River, but during recent dry 
J^rs this has been of little value. On June 20, 1809, there were at 
Uiat point 12 miners' inches, and on February 21, 1000, 20 miners' 
bches. The Parish dit-ch, which is said to have a normal flow of 120 
miners' inches, is now dry. 

The sources of water supply to this canal, including the right 1o 
ievelop additional water over an area of 488 acres forming part of a 
block of water-bearing land, are 2,831 acres, all of which are owned 
by the company. In 1893 the supply, including river water, was esti- 
mated as follows: 

Miner8' inchoM. 

Santa Ana River .. 289.50 

Arteeian wells, 55 in number, measured at their minimam flow 

(October 10, 1892) 1,793.45 

Parishditch 20.00 



Total 2,102.95 

The artesian wells are distributed over a considerable area, but 
generally extend (for a distance of 15,800 feet) along the canal bank 
•nd the river bottom, as shown on the map, PL I. 

All of the wells were driven by means of a sand pump working 
'Uslde of a thick, double iron casing or lining, the lining being forced 
^own by means of hydraulic jacks as the pump continued to exca- 
vate. The lining is of Ifo. 10 or No. 12 gage iron, in two thicknesses, 
o that it can be built up and made continuous by inserting inside 
Ud outside lengths alternately, each length being 2 feet long and 
leaking joint in the center. The casing fits so exactly that in a 
bort time* the lining becomes, by oxidation, water tight, at least 
trfficiently so for the purpose. 

As already stated, in the spring of 1880 Prof. E. W. Hilgard, of the 
University of California, made an examination of the artesian water 
Upplj- of the Gage canal system for the Home Life Insurance Com 
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pany, of San Francisco. He was given exceptional opportunities for 
an exhaustive study, and his report, which is of general interest, is 
freely quoted from below. He states that the water supply at that 
time (April, 1889) was as follows: 

Miners' inche». 

Supply from 27 wells 1,091 

Parish ditch ... 157 

Water right in Santa Ana River . . 289 

Sonth Side ditch (estimated) ... 75 

Total.- 1.612 

On June 30, 1808, there was flowing in the Gage c^nal at Palm 
avenue a tot^l of 1,313 miners' inches; on June 20, 189'.), 1,273 
miners' inches; and on February 21, 1900, 1,129 miners' inches. A 
reference to the table of rainfall on page 17 will show that the last 
eight years have been years of unusual drought, and that the sejkson 
of 1888-89 was in a gi*oup of wet years. Thesie wells have, therefore, 
maintained their supply in the face of the drought and in spite of the 
fact that the underground gravel reservoir has been heavily drawn 
upon by other sources. (See general discussion of water supply, 
page 36.) 

The following extracts are made from Professor llilgard's report: 

The balk of the supply of the Gage Canal is at present from artesian wells, of 
which there are 42 on the Victoria tract. On the * * water tract " pro; er there are 27 
now flowing or ready to flow. These wells are located in f onr groups, designated by 
the letters of the alphabet, from A to D. The lettering for these gronps of wells 
is that adopted in the State engineer's report on irrigation 'n southern California. 
The difference in the number of wells forming the several groups, and the increased 
supply of water are due to the boring of additional we'ls since the State engineer's 
observations were made. 

The wells of each group are separately numbered, in general upstream and 
counting from south to north. The following data show the number of eacli 
group, distances from each other and from the head gate of canal, and the meas- 
ured flow of each well in miners* inches of 4-inch pressure, the measurement 
usually adopted in southern California. 

GROUP A. 

Six wells in line along the canal, the nearest being 2,400 feet from the head g^^- 
and the total distance from No. 1 to No. 6, 1,665 feet. 

Measurements of trella in group A. 



Distance 

N amber of well. ^Xwt 

above. 



1 
3 
3 
4 



Feet. 
249 
904 
323 
722 



Diame- 
ter of 
j>ipe. 


Discharge. 


Inches. 
10 
10 
10 
10 


Miners" 
inches. 
36 
08 
35 
18 



Number of well. 



6. 



Total 



Distance 

from 

well next 

above. 



Feet. 
67 



Diame- 
ter of 
pipe. 



Inches. 
7 

7 



Discharge- 



Min^ 
inchf*- 

46 



flNCOTr.] 
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GROUP B. 



)ix welU occap3ring an area of somewhat less than an acre (3,900 square feet), 
itance 1,200 feet from the bead gate in a northwest direction; distance from 
inter of) gronp C, 3,276 feet. 

Metimirements of wdU in group B, 



imber of well. 



Distance 

from 

well next 

above. 



Feet. 
15 
15 
40 
50 



Diame- 
ter of 
pipe. 



II Distonce 

Diacharjre. Number of well. I^^'j^^'^j^^ 

above. 



Inches. 
7 

t 

7 

7 



Miners^ 
inches. 
28 
17 
86 
39 



Diame- 
ter of 
pipe. 



6- 
6. 



Feet. 
40 



Total. 



Inches. 



7 



Discharge. 



Miners' 
inches. 



20 



225 



GROUP C. 



Consisting of four weak wells, all with 7-inch pipe, among the first bored, and 
'tas they are at an average depth of about 110 feet on account of difficalties 
countered in the cobble layer at bottom, for overcoming which suitable tools 
)re not then at hand. The wells are between 10 and 18 feet; apart only, and 
M from 7 to 12 inches of water each; total, 35 inches. One good 10-inch well 
>iild probably give better resolta than the four small ones. 
Fhis grroup is distant 4,550 feet northeast from group B and 2,100 feet from the 
iter of group D. Area actually occupied. 360 square feet. 



GROUP L». 



This group consists of 11 wells (all with 10-inch pipe), ranging in depth from 
I to 160 feet. Nine are located on the south side of and mostly quite near to the 
er bed; two are near the north bank, one being in the present bed. The dis- 
ice between the centers of groups A and B is about 5.800 feet: between D and B. 
00 feet. The elevation above group B is about 18 feet; above group A, 31 feet, 
ea actually occupied by the group, 17 acres. 

Measurements of wells in group D. 



Number of well. 



Distance 

from 

well next 

above. 


Discharge. 


Number of well. 


Distance 

from 
well next 

above. 


Discbarge. 


Feet. 

80 


Miners' 
inches. 
51 
51 
43 
.55 
82 
65 
35 


ft 

9 

10 

11 

1 




Feet. 
440 


Miners' 
incttes. 

22 


687 




37 


117 




300 


56 


139 




74 


566 
315 


Total 






571 


42 









Ul the measurements recorded above correspond to the condition of the wells 
mt thirty-six hours after all had been uncapped and had been running their full 
eams. 

liis point is of some importance, because measurements made immediately or 
n after uncapping a well that has been closed for some time show at first a con- 
erably larger dscharge, evidently due to accumulated pressure, or what might 
called a ** local head," requiring some time to run down to the nominal dis- 
trge. 

IRR 59—02 6 
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1 

DEGREE OP I NTEK DEPENDENCE OP WEI.L& I 

The extent to which the dincharge of any well or gronp of wells is influenced by \ 
that of others situated at a greater or less distance is a question of great practical 
interest, since npon the answer depends the aggregate amount of water to be 
expected from further developments on the* 'water tract '' by boring additional 
wel!s. I have tested the point in a variety of ways, the more important being the 
following: 

( 1 ) Well No. 6 in group B has for some time past remained capped, with an inch 
pipe carrying the water to a dwelling house some 300 yards away, the water reach- 
lug the level of 26 feet above the casing when all the other wells of the group are 
capped. It was found when all the other wells are uncapped the water level at 
the house falls al)out 3 feet 7 inches. As stated above, the total flow of the wels 
of this group is 225 inches; that of No. 6, 20 inches. It is distant only 40 feet from 
well No. 5, having a flow of 63 inches, nnd all the rest of the group lie within 130 
feet. Yet the measurement shows that the opening or shutting down of a flow of 
205 inches, or more than ten times the amount of the flow of No. 6, influences its 
head to the extent of not quite 14 per cent, or three-quarters of 1 per cent of the 
total discharge of the gronp. 

(2) Well No. 2 of group D had been steadily running for upward of a year, all 
the rest of the gronp, as well as those of groups B and C, being closed. It wais 
then discharging about 61 inches. After nine other wells (Nos. 3 to 11, inclusive) 
had been uncapped, No. 2 was found to have decreased to 57 inches in the course 
of about three hours. On opening No. 1, within 80 feet of No. 2, its flow fell off to 
55 inches, and forty-eight hours afterwards it had reached its minimum flow of 
48. 1 inches, which, however, five hours after was found to have risen again to 51 
inches, the figure adopted in the table above. Such fluctuations of a few inches 
api}eared of measurements made at different times of the day, in almost all cases 
of strong flow, ]X)ssibly as the result of barometric variations cr other diurnal 
causes. 

It will be seen that in the case of this well the letting loose of 520 inches of water 
within an area of 17 acres immediately adjacent caused a decrease of the flow it 
had when running by itself of only 10 inches, being about one-sixth, or, say, 17 per 
cent, of its maximum flow when all the rest were closed, or 1| per cent of the total 
discharge of the group. It will be noted that this is very nearly the same ratio as 
in the case of well No. 6 in group B reported above. 

(3) After the wells had all reached a state of sensibly normal discharge, groups 
C and D, with their aggregate di: charge of 606 inches, were shut down about 5 
p. m., in order to observe the effect on other groups. 

Group B was measured at 10 p. m., and was found to be discharging 211 inches. 
:Six hours before, when all the other wells were still open, the flow was 205 inches, 
thus showing an increase of 6 inches, possibly caused by the shutting down of an 
aggregate of 606 inches at the average distance of aboat a mile. This is a very 
slight effect at best, being less than 1 per cent of the total amount shut off, or — 
three-fourths of 1 per cent of the total discharge concerned, and less than 8 pei 
cent of the discharge of the five open wells of the group. But the fact that oi 
the morning of the same day these wells stand credited with a discharge of 211 
inches renders it even doubtful that the shutting down of groups C and D 
the observed increase, and that it was not merely due to diurnal variations referr c — 
to above and known to exist. Unfortunately my time did not permit of the cor=3 
tinuation of the observations so as to settle this point definitely. 




(4) On the following day, eighteen hours after the shutting down of all tkume 
other groups, representing an aggregate of 831 inches, at an average distance -^z)/ 
about 5,000 feet, group A was remeasured. It was found that the discharge o/ 
well No. 1 had decreased from 30 to 2'.) inches, evidently in consequence of bei xa^ 
loaded down with a quantity of grave\ U\at l\ad slid in from above, the pipe havixi^ 
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sunk below the ground level. In tbe rest of the group (Nos. 2 to 6) there had 
been an increase over the discharge obeeryed in the afternoon of the previous day 
from 224 to 233 inches, a difference of inches in the total discharge of the group. 
or 4 per cent of its volume, but only a little over a third of 1 per cent of the total 
discharge concerned. 

(5) A striking proof of the relative independence of these wells of one another 
when situated at reasonable distances apart is found in the '* local heAd,*' or accu- 
mulation of pressure that takes place so soon as an individual well is shut down. 
When measured immediately after nncappmg. a well that has remained closed for 
some time is found to discharge from 15 to 17 i)er cent (in the lar^e wells) more 
than its normal flow, to which It settles down after a lapse of from twenty to 
thirty hours. This accumulation and slow running down proves conclusively 
that we have here to do, not with an ordinary hydrostatic column, but with a mass 
of water so subdivided by the closely paclred materials intervening between the 
vents made by the auger and in the interspaces in which the water is stored that 
a rapid transmission of pressure is not possible, and that the laws of hydraulics 
and friction, rather than those of hydrostatics, must be lield to govern the discharge. 
Moreover, it proves that hundreds of inches of water discharge bear but a very 
small ratio to the total supply that lies behind these artesian fountains. 

The nature of these materials as disclosed by the anger or sand pnmp is found 
to be gravel (ranging from pea size up to cobbles of greater diameter than even 
the 10- inch pipes), tightly packed with sand of various degrees of finene>s. Cob- 
bles nearly filling the pipes — over 7 pounds in weight— have in several instances 
been ejected by the water pressure from some of these wells. The character of 
these cobbles can not be mistaken; they represent the same rocks that have been 
and are now being brought down from the Santa Ana and Mill Creek canyons at 
the head of the valley, where a wilderness of the same materials (ranging all the 
way from fine sand up to bowlders of 5 feet in diameter) cover many scjuare miles 
of surface and are shown in every break of the country. There, as well as in the 
borings, occasional sheets or strata of c!ay or other impervious materials alternate 
with the gravel and cobble deposits, and with the penetration of each such clay 
layer additional water pressure is obtained in the wells. The sources of Warm 
Creek, the Parish Ditch, and of such outflows as *' Hunt's Spring*' doubtless indi- 
cate the termination or the perforation from some cause of such impervious water- 
shedding strata not far from the surface. 

On page 23 is an analysis of water from wells in groups A and D of 
this system. 

In October, 1892, the owners of the Gage canal system conducted 
a series of experiments on 55 artesian wells and obtained results at 
variance with the previous experiment.' The numters indicated in 
the first column of the table correspond with numbers on PI. I and 
show the locations of the wells. The third column of the table gives 
the distance to the nearest well, the fourth column the static pres- 
sure, in feet, when each well is closed. The fiftli column (final meas- 
urement, reduced to miners' inches) gives the amount of water that each 
well was flowing at the end of the experiment, when all of the wells 
following it in the table were open. For instance, when well No. 115, 
which corresponds to well No. 1 of the Gage Canal Company's num- 
bering, was open and all of the other w^ells w ere closed its discharge was 
in both instances 5 miners' inches. When well No. 110 was open and 

*Thls is probably due to the more complete development of the entire sapply by the Gage 
Canal Company and others. 
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all of the other wells were closed its discharge was 4€ miners' inches; 
but when all other wells following in the list were open its dischai^ 
was 3^.5 miners' inches. The seventh column gives the percentage of 
decrease in the flow of this particular well under the foregoing condi- 
tions. Tlie eighth column gives the cumulative number of the origi- 
nal measurement, in miners' inches. In other words, it. is the sum of 
the flow of any well and of all of the wells preceding it in the table, 
on the basis of one well alone being open. For example, well Xo. 115 
being open and all of the other wells closed, it flows 5 miners' inches. 
Well 'So. 1 Iti l>e>ng open and all of the others closed it flows 4G miners' 
inches. Then the cumulative number of the original measurement, 
in miners' inches, corresponding to well No. IIC would be the sum of 
these two volumes, or 51 miners" inches. The ninth column gives the 
cumulative number of final uieaHurements, in miners' inches, which is 
the sum of the dischai^, on the ba.sis of the other wells all flowing; 
as, for instance, in the case of well Xo. 111!, when the other wells are 
open it would dischai^e 32.5 miners' inches, which added to the dis- 
chaise of well Xo. 115 gives a total for the two wells of 37.5 miners' 
inches. The tenth column gives the percentage of decrease at each 
point of comparison between the seventh and eighth columns. The 
last column of the table gives the temperature of the water. 

Fifty-five wells are considered in these experiments, and while the 
total volume of water obtained increase*! as more wells were opened, 
the aggregate flow is not so great, by 52 [xr cent, as the sum of the 
flow of all of the individual wells. "" 

From the foregoing it will be seen that in this particular instance a 
gain was made by boring as many as 55 wells, but it is also indicate<l 
that the number of wells could not l>e increased Indefinitely at a finan- 
cial profit. 
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DIVERTING DAM. 

Tlie river water in diverte<l into the chuhI by means of temporary 
brusli and sand dams, which are renewed each year; but owing to the 
natural conditions in the river bottom the renewal is a work of small 
«xpeiise compared with the cost of permanent works suflBcient to with- 
stand the action of floods, which sometimes exceed 2,000 cubic feet 
per second over a lied composed of sand and gravel several hundred 
feet in depth. In a few hours after the river reaches its maximum 
discbai^ it recedes to its normal flow, when the whole of it can if 
necessary be diverted into the canal by throwing up an embankment 
of sand a few inches above the water surface. 
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HEAD GATES. 



The head ^Ates are strongly constructed of heavy timbers and have 
three sets of regulating gates, opened by means of ratchets and pin- 




Fio. 3.— Plan showing: arrangement of head gates of Quge canal. 

ions, one set being sand gates for the discharge of the surplus wate*: 
and the moving sand. (See iig. '^.) 
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The water discharges out of the head gates into a settling basin, 
from which it is measured over a weir into the canal. Pigs. 3, 4, and 
b show the head gates and the measuring weir. In connection with 
the weir there is an automatic register by means of which n record is 



.=UJ 



Fio. 1.— Bactioi) of htmHworka ot Qa^/e canal, oQ tins A-B ol flg. 3. 

Blade of the amount of water flowing into the canal at all times during 
the irrigation season. 

In addition to the automatic register there is an automatic electric 
alarm by means of which high and low water during the night are 




( 23 feet long. The 



made known to the attendant. The cylinder on which the changes 
are traced receives its motion from a clock movement and makes one 
revolution in seven days. 

The weir over which the water is measured 
canal at the weir is 24 feet wide and serves 
as a settling basin for the moving sand, 
which at times causes trouble. For a dis- 
tance of a few hundred feet from the head 
gates the banks of the canal are lined with 
wooden sheeting, gradually narrowing from 
a width on the bottom of 24 feet at the head 
gates to 10 feet where the cemented portion 
begins. From that point for a distance of 
2,950 feet the canal gradually rises from the 
river bottom proper to the plain of the first 
mesa lands and to flume No. I, over a 
small local arroyo; thence, at a distance 
of 8,500 feet, through the same mesa lands to flume No. 2, over a 
small creek; thence, at a distance of 15,650 feet, through the mesa 
lands to tunnel No. 1 and the base of a range of foothills; thence, at 
a distance of 21,050 feet, by a series of tunnels and along the face of 
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the foothilU to flume Xo. 3. A section of tunnel Xo. 1 is shown in 
flg. f>. The canal eontinues along the bluffs in h series of tunnels, 
flll», and flumes Nos. i, fi, ami G until it passes onto the upper plains 
at A distance of 27,200 feet. From that imint it follows the natural 
contour of the land, crosses an arroyo by meaim of flume No. 8 {flnme 
No, 7 l)einp now a (ill), and at a distance of 45,000 feet from its head 
it passes thi-ou}rh the projecting point of a foothill by means of a 
tunnel, and then continues along the natural 
contour to flume No. 9, over Terquisquite 
Arroyo, at a distance of 02,800 feet, or 11.0 
miles; then, by means of flumes, fills, and 
cuts, itKTOsses the arroyo between the foot- 
hills and follows the natural contour of the 
land to the end, the total length being 
100,444 feet, or 20.10 miles. 

CEMENT LINING. 

Generallj' the Hloi>e of the sides of the 
eanal is 4 i>erptindicnlar to 3 horizontal. 

From the head gates to flume No. 10 the 
canal is lined with luasonr}-, as are also all tu iinels and fills, to a depth 
of 5 inches, and then is plastere<l with cement mortar; the remaining 
iwrtions are line<l with cement plaster to « thickness of three-foni-ths 
of an inch. Of the whole length of the canal (20.16 miles) 14.5 miles 





irin.K.« 






are linc*l wiili c-emoni. Mosi of this work was done during the wiuler 
mouths from ISni to 1804, and at nu average cost of tLSOper foot, or ft 
total cost of 8114,135. While it can W said thtit this cement lining has 
not stood Weil, it can also \h' saii\ \\\i\\ it lw« »too<l lietter than w»s 
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expected under the conditions. When in increasing the capacity of 
a channel it is a question of spending 975,000 in unecase and $200,000 
in the other case, and saving an important i>ci-i-(<ntagc of irrigation 
water, it may be excusable to take some risk. Large surfaces of 
cement coating three-fourths inch thick can not be expected to stand 
much strain ander the action of storm waters, and it is to this action 
that nearly all ruptures of the coating are due. Had there l)eon 
intervals of time during recent dry years to close the canal for repairs 




■fatem.OQllneC-Dnr Dg. B. 



its rendition would be mucli better. No repairs have i>een made 
<liiring the last four years, and the estimated cost of a thorough reno- 
vation is less than 91,000, which spread over four years is onlj' a 
fraction of 1 per cent of the original cost, 

The cross section of the canal varies witli tlie distance from the 
head gates. The bottom width below the head gates is 10 feet, as 
"'ready stated, which is gradually re<luced to feet at flume No. 10; 
'•Min that point to near the end the width is 5 feet. The canal has a 
"'iiform depth of 4 feet throiigiioiit its entire length. 




^>«. la-LoiwItndlnal aectlon or 



Qage canal nr^tem. 



The total length of tunnels is 5,250 feet. Where they pass tlirough 
*«»rth formation the bottom and sides are lined with conei-ete nmsonry 
' •Mid the roofs are heavily timl>ered. 

The total length of fliiines is 4,000 feet. All are strongly fran>ed, 
*^ton masonry foundations, and have retaining walls and founda- 
^■'ons at each end where tliey connect witli tlieotlter parts of tliecanai. 



The capacity of the canal at 
^''tfineer of the company in lHi)9, 



:arious localities, as stated by the 
is as follows: 



Canal l.a miles from headworks 9,646 

TannelSmileefToin headtrorkB 4,630 

Slnme 4 milM from headworks 4,370 
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Xin 

VairS.T miles from headworks 

Flame 7.5 milM from hwdworka 

Flnme 11.9 mile* from headworks 

Caoal 13.5 miles from headworks 

Flame H.75 mllM from headworka 

Flnme 18.5 miles from headworks _ _. 

Pipeline (IS^incb) to San Jacinto Land Company from sonth end 
of canal - - 




Fia. 11.— Plan showing jiinctloD of cmual and flame on Qt^ can>l ajstem 



r 



Flo. 12. -Longitudinal « 



I of canal ani] flume od Oage canal iis»ti 



lu IS'J'J the upi>er seclioti of the catiiil was carrjing 1,440 
inches; at the lower end of the middle eectioii there were 74S 
inches, while at tlie e.\treine southerly end of the canal the Sat 
Land Company was taking oiilU\vo\\g\\\X9,\AV*^™^ifoc the 8 
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acres under cnltivation, all of the water remaining in the canal, 
about 106 miners' Inches, or 1 miners' inch to each 5 acres. This 




too -.---- 




/i\h, /^f^ y^^ 





Fio. 1&— Section of flume and trestle on Oage canal system. 









U.— Cross sections of Gage canal: a, 886 feet from head; 6, 1.02 miles from head; c, 3 miles 
from head; d, 8.56 miles from head; e, 18. eo miles from bead; /, at terminns. 

^ of 1 inch to 5 acres was then and still is in force on all culti- 
3d lands under the Gage canal. The canal gave nearly the full 
er supply to its underlying lands during the drought of 1897-1900. 
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The following table gives the value of the hydraulic elements 
the various sections of the canal. 

T<Mble shcncing tnlue of hydraulic elements in sections of Gage canaL 



Distance from bead, in miles 

Slope 

Area of crom lection, in feet 

Perimeter of cross section, in 

sonarefeet 

Byaranlic mean radius 

Coefficient of roughnesH 

Coefficient 

Discharge, in miners' inches 



A- 


B. 


C. 


D. 


0.054 


i.e2 


3 


8.55 


.000413 


.00062 


• UUJBdo 


.000478 


47.26 


46.5 


38.25 


33.67 


19.80 


l».l 


16.00 


15.75 


2. SB 


2.38 


2.18 


2.13 


.014 


.014 


.014 


.014 


m 


121 


119 


119 


8,863 


9.<M6 


5.<t35 


6,380 



E. 



18.00 
.0004 
26.08 

ia75 

l.M 

.014 

118 

4,375 



DIVERSIONS. 

East Riverside. — About 30,000 feet fi'om the head gates the f 
distributing pipe in the East Riverside district connects with 
canal, and from that point to flume No. 9, over Terquisquite Atpo 
distributing pipes enter the canal at intervals of about one-foa 
of a mile. Throughout this whole distance metal valves inserted 
brickwork are provided at all distributing x)oints. (See figs. 8, 9, a 
10.) The distribution system is under command of an officer whi 
duty it is to subdivide the water to the several owners in accordai 
with their shares and with the by-laws adopted b^' themselv 
through their representatives, for its management and distribute 
Fig. 11 shows the junction of canal and fiume generally used onl 
<Tage canal system. 

The amount of land served by the canal in the East Riverside d 
trict, extending from the first diversion described to fiume No. 9, 
southerly limit, is 3,620 acres, nearly all of which is now unc 
cultivation. 

Lands served by Gage canal in East Riverside district. 

Acres. 

Growing orangeB ... 3, 000 

Growing lemons 40 

Growing decidnons frnits 40 

Growing alffllta 40 

Total cultivated area 3,120 

Uncultivated area 500 

Total 3.620 

Arlingion Heights. — At a distance of 71,900 feet from the he 
gates, and alx)ut 1^ miles from flume No. 9, the lands of Arlingt 
Heights are reached. These lands are subdivided, by streets, 
intervals of one-fourth of a mile, each block of about 40 acres bei 
bounded by streets and the block again subdivided into 10-acre lo 
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The total acreage served by the canal at Arlington Heights is a 
;le more than 4,890 acres, divided as follows: 

Lands at Arlington Heights sensed by Gage canal. 

Acres. 

Growing oranges. 2,200 

Growing lemons 520 

Growing grape fruit 170 

Total cultivated area 2,890 

[Jncultivated area 2,000 

Total area subject to canal 4, 890 

Pipe lines, — The distribution of water is by means of steel pipes 
Tied down each street transverse to the canal, witli lateral connec- 
Qs to each 10-acre lot, the water being carried to the highest point 
i f ui'nished with a hydrant and measuring weir. From the hydrants 
jn flumes are laid along the highest boundaries of the lots, from which 
water is served to the irrigating furrows between the trees. At 
end of each pipe line where it enters the canal bulkhead is a 
ulating valve and a measuring weir. (See figs. ^^ 9, and 10. ) 
?he main pipe lines on the streets vary in diameter from 10 inches 
the canal to 6 inches at the lowest point. The greatest pressure 
which the pipes are subjected is equal to a head of 1G4 feet, or 70 
mds to the square inch. The pipes are formed of riveted steel 
.te. No. 14 to 18 gage, coated with an asphaltum preparation. 
)n the distribution system of Arlington Heights there are 287 
irants, or an average of one hydrant to each 10 acres. The 
Irants are manufactured by the Lacy Manufacturing Company, of 
3 Angeles, from a special design by Mr. William Irving, engineer 
the Gage canal system. Hydrants are furnished to the in'igators 
a cost of $10 in place. Over the hydrant is set a cement hydrant 
c, which is made by the Gage Canal Company and set in place at 
expense to the irrigators of SK) each, which represents the actual 
t. In the distribution system of Arlington Heights there are the 
lowing lengths of steel pipe : 

4,800 feet of 12-inch, costing 66 cents per foot laid. 
4,000 feet of 10-inch, costing 56 cents per foot laid. 
36,500 feet of 8-inch, costing 47 cents per" foot laid. 
88,400 feet of 6-inch, costing 36 cents per foot laid. 
147,800 feet of 4-inch, costing 26 cents per foot laid 

Tiis represents a total cost of 1^92,000 for the pipe in that system. 
)etailed data pertaining to the distribution system of East River- 
9 under the Gage canal can not be obtained, but the cost, using tlie 
ington Heights factor of acreage, which will give results very close 
ihe correct figures, would be ^102,000. The method of distribution 
East Riverside lands under the Gage canal is similar to that 
cribed for Arlington Heights. 
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Siin Jacinto Land Company, — The following lands, which art 
adjacent to the south and west boundaries of Arlington Heights, an 
ser\'e<l l)y the Gage canal at its extreme southwesterly terminus: 

lAtmla of San Jacinto Land Company serred lyy G<tge canal. 

Acres. 

Growing oranges .452 

Growing lemons 60 

Growing grape fruit . . . 18 

Total caltivated area 530 

Uncultivated area 120 

Total area subject to canal 650 

DUTY of' WATER.'' 

Tlie duty of water under the Gage canal system is equal to 1 miners' j 
inch to each 5 acres of land, continuous flow. Its equivalent isO.Of ^ 
cubic foot per second, which converted into the form of an equivalent 
annual rainfall equals very nearly 35 inches depth of water over the 
whole area of land. As the i)eriods of irrigation are generally at 
intervals of one month, each monthly irrigation is equal to a rainfall 
of nearly 3 inches. 

Under this system the purchaser of land becomes a shareholder in 
the canal and the water sources, and by virtue of his wat^^r stock has 
a voice in the management of everything pertaining to the water 
service. The management consists of a boai*d of directors elected 
annually by the owners of the lands and the stockholders in the canri 
company. 

The portions of the by-laws wliich provide for the issuance of stock 

carrying water rights and for the distribution of the water are as 

follows : 

Article V. 

CAPrTAL STOCK. 

Sec. 1. The board of directors shall cause to be issued certificates of stock to 
subt^cribers or purchasers of stock or to persons with whom the corporation may I 
bargain or contract in relation to the purchase or use of water or water rights or 
property of any kind or character, and shall cause such stock and certificates 
thereof to be issued in accordance with the direction of any of the above-Darned 
persons; and thereafter shall cause to be issued to stockholders or their assignees 
certificates of stock, in accordance with law and their articles of incorporation 
and these by-laws and rights of the parties, which certificates shall be signed by 
the president and secretary; and all stock (or new stock issued or to be issued in 
lieu thereof) sold, bartered, or exchanged for the purpose of purchasing water to 
be supplied to or flowing in the canal or canals t.sed or owned by the corporation 
shall have attached thereto and transferred therewith and evidenced by indorse- 
ment on the certificate thereof a water right or rights to the use of water delivered 
at the main canal in continuous flow under a 4-inch pressure in the proportion of 
one-tenth of an inch under said pressure to each share: Provided , That the board 
of directors shall, in their discretion, have power to affix to such water rights when 

■Detailed descriptions of the use and duty of water nnder the Qage canal system aregitenifi 
Bull. 80 U. S. Dept. Agr., office of Experiment Stations, Ft. 1, p. 74, Pt II, pp. 181-148. 
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tiM Bune mre first granted such ti*nn8 or conditio'is as to application or use of 
water for specific porpoaes as they may contract or 8t« fit. and to provide that 
snch conditions shall be obaerred, otherwise such water right to l^ void, but 
thereafter snch terms or conditions shall not be changed except by consent of the 
stockholder holding snch water right: And j>rariV/«>/ uImk That snch water right 
shall be snbject to the provision of the articles of incorporation in that beh.ilf and 
to these by-laws or any amendments therei^tf and to the rnles and rei^ulations 
whiL^h are or may be from time to time ado;)ted by the lK>ard of directors. Cer- 
tificates of stock shall not be issued in less amount than one share. 

Sex'. 2. No transfer of stock shall be binding on the corporation unless du\v 
entered on its books, nor shall stock be issuable until the owner tl.eri\)f or his 
daly authorized agent shall have signed a receipt therefor on the stub of the sttM?k- 
certificate book and until all the previotis assessments and water rates as prv>- 
Tided by these by-laws and the articles of incorporation, levied thereo i acc«^rd ng 
to the law and according to these by-laws and the articles of incorporation, have 

been f ally paid. 

Article VIII. 

AS TO BY-LAWS. 

These by-laws, or either or any of them, by section or article, may be re, ealed, 
tmended. or added to, or new by-laws adopted in their stead, either by the stock- 
holders at any meeting thereof or by the majority of the lx)ard of directors at any 

meeting thereof. 

Article IX. 

MISCELLANEOUS. 

Sec. 1. An inch of water in these by-laws referred to is defined to l>e a continu- 
ous flow of water through an aperture one ( 1 ) inch square under a pressure o( four 
(4) inches, meastired from the center of such aperture to the surf a e of the water. 

Sec. 2. Each stockholder is entitleil to water in continuous flow, or its e(iuiva 
lent, taken monthly, according to the by-laws and regulations of the corporation. 
Shotild any stockholder desire to have furnished in one day the supj^ly of water to 
which he is entitled for a certain number of days not to exceed thirty days [uor in 
excess of the capacity of the distributing pipe or pipes to his land or lands), h« 
shall give the corporation at least four days' notice of such desire and accept tlic 
water on any day or days that the company may be able to arrange for the supply 
thereof. 

COST. 

The cost of the system to 1893 is as follows: 

Cost of Oage canal Hyntem to lS(Ki. 

Main canal and connected works, including rights of way ^J'^ri. oon 

Distributing pipe lines and connected works 70. ooo 

Artesian wells .Vj.ood 

Water sources and connected lands 1 75. (Oo 

Total r>s(),()oo 

[For index see end of Part II, Water-Supply and Irrigation l*ap<T 
No. GO, which contains descriptions of the East liiversiHc irri;rJili"ii 
district, the Riverside-IIij^hland Water Compaiiy, and tin* lowir San 
Bernardino Valley above liincon, also complete data of th<* h:m) wi.||h 
in the San Bernardino and liedlands qumlran^h^s, iind notos i-mi 
ceming the manufacture of Portlan<l cement in soutlnTii Caliroiiua, | 
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DEYEtOPMENT AND APPLICATION OF WATER NEAR SAN 
BERNARDINO, COLTON, AND RIVERSIDE, CAL 

PART II. 



By Joseph Barlow Lippincott. 



EAST RIVERSIDE IRRIGATION DISTRICT. 

The lands of the East Riverside Irrigation District are 4 miles south 
of the city of Colton and 4 miles noitheast of the city of Riverside. 
They are divided into approximately equal parts by the boundary line 
between San Bernardino and Riverside counties, and vary in elevation 
from about 900 feet to 1,250 feet, being situated on the mesa and bot- 
tom lands on the south side of San Bernardino Valley. These lands 
are specially adapted to the growth of citrus fruits. The district was 
organized under the Wright irrigation district act, and has had fewer 
misfortunes than are usual with similar enterprises. It is, however, 
endeavoring to disorganize. The total area of lands comprised within 
its bopindaries (3,100 acres), 250 acres of which are hilly and rough, 
being partially unfit for cultivation, leaving 2,850 acres of first-class 
agricultural land. The irrigation district and its pipe line are shown 
in PL I (Part I). In order to obtain a water supply, in 1892 the irriga- 
tion district purchased from Garner & McKenzie 65 acres of artesian 
lands in the bottoms of Lytle Creek northeast of San Bernardino. 
Three wells were sunk in these lands, the deepest being 450 feet and 
the other two about 250 feet each. A cut was also run in the cienaga 
upon these lands, for the purpose of developing water. The develop- 
ment during that year (1892) produced 100 minei-s' inches, or 2 second- 
feet, at a total cost of $5,997. The output of these artesian wells, 
which are referre<l to in the description of the wells of San Bernardino 
Valley, is given in the table on page 30 (Part I). 

In 1891 the East Riverside Irrigation District purchased a 24-inch 
pipe line from Raynor Springs, about Ij miles below the artesian land 
of the district, in sec. 4, T. 1 S., R. 4 W., situated within the district. 
This pipe line was constructed in the year 1889 by the Vivienda Water 
Company, for the purpose of serving the greater portion of what is 
iow the East Riverside irrigation district. The pipe is of riveted 
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iron, the gage ranging from No. 10 to No. 14 Birmingham standard. 
The maximum pressure per square inch sustained by the different 
sizes as the pipe was eoiLstructed was: No. 14, 30 pounds; No. 12, 71 
pounds; No. 10, 1 10 pounds. The valley hydraulic grade line is 7 feet 
to the mile, and the discharging capacity 9 cubic feet per second. 

After the consummation of the purchase by the district the pipe 
line was extended 8,100 feet, to the wells that had previously been 
sunk. The upper portion of the pipe is of steel. No. 14 gage. The 
reservoir was constructed on the lands purchased. It is 40 feet by 
70 feet on the bottom, has a depth of 5 feet, and is cement lined. 
Two kinds of pipe were used in the distribution system — riveted steel 
and vitrified clay. In 1892 it was estimated that distribution by this 
means would cost $15 an acre. 

The following are the amounts expended in the construction, with 
the value of the assets, the purchase of the 24-inch pipe line being 
included in both statements, which are taken from the report by F. C. 
Finkle, engineer for the district in 1892: 

Expenditures, 

Purchase price of Vivienda pipe line . . .* $100, 000. 00 

Extension, 8,100 feet to Vivienda pipe line 23, 642. 87 

Two lateral pipe lines 2, 292. 10 

Reservoir No. 3 (when completed) 1, 210. 00 

Cost of sinking three artesian wells 4, 497. 00 

Drainage cnts to McKenzie Spring 500. 00 

Total 132,1-11.97 

Valtie of assets, 

24-inch condnit as extended $123,642.87 

Two lateral pipes 2, 292. 10 

Reservoir No. 2 1,210.00 

100 inches (2 cnbic feet) of water, at $1,000 per inch 100, 000. 00 

Total ' 227,144.97 

The owners of the Vivienda Water Company claim that the pipe 
line, which they value at *100,000, actually cost $120,160, divided as 
follows : 

Pipe-line material and laying $96, 000 

Trenching and back filling 8, 000 

Right to suspend line on motor bridge 1 , 000 

Bridge across Santa Fe Railroad cut on Third street 360 

Engineering and sni)erintendence 3, 400 

Three miles of cement ditch, including pipe across Little Terquis- 

(luite Arroyo 11 , 400 

The cement ditch lines referred to were also transferreil to the irri- 
gation district. 
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RIVERSIDE-HIGHLAND WATER COMPANY. 

The Riverside-Highland Water Company is a corporation organized 
February 21, 1898, under the laws of California, to furnish water for 
domestic purposes and the irrigation of the lands of shareholders sit- 
uated in that portion of the £ast Riverside irrigation district in 
Riverside County which is known as Highgrove. The capital stock 
was $200,000, divided into 5,000 shares of $40 each. The policy of the 
company is to furnish an abundance of water to irrigate 2,500 acres 
of land at the rate of 1 miners* inch of water measured under a 4-inch 
pressui-e for each 5 acres of land for the growing of citrus orchards. 
Recently the company, by a vote of its stockholders, reduced its cap- 
ital stock to $100,000, divided into 2,500 shares, of which a little more 
than 2,300 shares are subscribed for and more than 50 per cent is 
paid in. 

The company is the owner of 157 acres of artesian water-bearing 
lands a few miles north of Colton, in San Bernardino County, from 
which the water is conducted in a long underground cement and iron 
pipe line to the lands of its stockholders at Highgrove, a distance of a 
little more than 7 miles. On these water-bearing lands there are a 
number of deep artesian wells, from five of which all of the water 
now used by the company, amounting to a little more than 300 miners' 
inches, is pumped by means of one 22-hor8epower gas engine and two 
30-horsepower electric motors, the electric current being furnished at 
a cost of 1^ cents per horsepower per hour by the Rcdlands Electric 
Light and Power Company. The pumps used are of the centrifugal 
type. 

The company does not know how much water its lands will furnish, 
hut it believes that it has an abundant supply. It is now furnishing 
sufficient water to meet all the demands of 1,800 acres of both old and 
young orchards, and so far no one has hesitated on account of lack of 
water to plant orchards in the territx)ry covered by the company. 
The water is delivered to consumers on demand upon the payment 
of a toll of 10 cents per miners' inch for a twenty-four hours' run. 
The lands watered by the company are at a higher elevation than 
those watered by any other company in the Riverside district, hence 
its name. The orchards watered are relatively free from frost. 

The East Riverside Irrigation District still exists, with its board of 
officers, but is not operating its system, the Riverside-Highland Water 
^nipany supplying water to such portion of the lands as the owners 
liave become stockholders in its company, also to other lands. The 
landowners within the East Riverside irrigation district, after an 
effort of eight years, found it impracticable to carry on the system 
^nder the act of the legislature popularly known as the Wright act, 
^^ing to the fact that the act provided that the revenue should be 
l^ised by annual taxation, andalsoto the extreme difficulty experienced 
^ collecting the taxes thus levied, resulting in numerous tax sales 
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and in suits to restrain the execution of tax deeds by the owner just 
before the expiration of the redemption period. These suits were 
expensive to the district, in many instances costing more to defend 
than the taxes were worth when collected, and resulting in vexatious 
delays and appeals to the higher court. When no redemption was 
made from tax sales the tax deeds were executed and delivered to 
the district, which invariably had to become the purchaser, for no 
private person would venture to purchase at the sales for fear of 
expensive litigation to protect the titles procured. In this way a large 
tract of unimproved land owned by divers and sundry iiersons, both 
residents and nonresidents, became conveyed to the district, and while 
the law authorized the district as owner to sell the lands at their 
market value, no purchaser could be found who was willing to buy 
them under the titles held by the district. The lands subject to taxa- 
tion diminished every year to such an extent that it became manifest 
that the entire revenue of the district for the payment of its obliga- 
tions — interest on bonds, operating expenses, etc. — ^would have to be 
met by the few landowners who were faithful in paying their taxes; 
hence the landowners, for self-protection, organized the Riverside- 
Highland Water Company and ceased to operate as the East Riverside 
Irrigation District. 

liOWER SAN BERNARDINO VAIiliBY ABOVE RINCON. 

Santa Ana River is the most important stream of southern Cali- 
fornia west of the Coast Range. It includes among its tributaries all 
of the streams entering San Bernardino Valley, and drains a total 
area above Rincon of 1,463 square miles, including valley lands, exclu- 
sive of the lauds tributary to Lake Elsinore; 555 square miles of the 
basin are mountainous. San Bemai'dino Valley proper contains 
525 square miles.* There is a secondary coast range lying along 
the western edge of the valley, through which Santa Ana River cuts 
a canyon, beginning at Rincon, which is the railroad station of Crary. 
These hills are of a shale and sandstone formation of more recent 
geologic origin than the main range to the east, and constitute a dam 
or dike which concentrates and throws to the surface most of the 
underflow or seepage water proceeding through the valley towartl the 
soa. This produces a greater volume of water in the river at Rincon 
during the irrigation season than at any other place along the stream. 
During the summer there is a larger lK)dy of water flowing at Rincon 
tlian at any other place in California south of the Tehachapi Moun- 
tains, except in Colorado River. 

The streams surrounding San Bernardino Valley have drainage 
basins which ai*e exceedingly steep and are poorly supplie<l with forest 
cover. The bivsin above Rincon is of granite origin. The storms 
which occur in southern California are frequently violent, and falling 
on these drainage basins produce torrential floods which rush onto 

•For details of these draluage areaa«eQ Vm\. \^ v^^^^^-^Ad OS. 
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the plains, carry ing large quantities of granitic detritus. In this way 
Sftn Bernardino Valley has been built up. These g]*eat beds of gravel 
and bowlders have a high percentage of voids, the |)orous sjmce being 
probably one-third of the mass. C'onsequently the floods which are 
projected upon the plains are rapidly absorbed, and the great under- 
ground reservoir, with a controlling outlet at Rincon, the storage 
capacity of which is very great, is filled. 

If an area of gravel of 500 square miles should be charged to a depth 
of 300 feet its storage capacity would be 32,000,000 acre-feet of water. 
These figures are given merely to suggest the enormous capacity of 
this great underground storage reservoir of San Bernardino Valley. 
It has been charged with waters through a long cycle of years by the 
floods described. In addition to the winter floods the summer flow of 
hU the streams from San Antonio Creek to Mill Creek is diverted and 
used for irrigation purposes, and probably 50 per cent of it sinks into 
the ground and reenforces the water plane. This large underground 
reservoir slopes toward Santa Ana River, and its surplus waters ai*e 
brought to the surface in the canyon at Rincon. The velocity with 
which the water passes through the gravels is undoubtedly very slow 
and varies with the density of the soil and the steepness of the slope, 
causing a very constant delivery of water at the Rincon Narrows. 

In June, 1898, a series of measurements was made to determine the 
relation between the water flowing on the surface of the ground at 
the mouths of the various mcmntain basins entering San Bernardino 
Valley and that returning into the channels of the Santa Ana in the 
central jiortions of the valley. The following approximate results 
were obtained : 



Discharge meamirenients in San Bernardino Valley, 1898, 




Stream. 


June. 


Septem- 
ber.* 


MoQiitaiii atreams above SloTor Mountain 


Second/t. 

80 
21 


Seamd-ft. 
(B3 


iff/inntAin fftrMtnifi below S1<iv<<r Moxintnin ., 


17 


Total summer streams from mountainH 






lUl 


80 



Retnm and developed water above Slovor Mountain 

Retaru water between Slover Mountain and Riverside Narrows 
Return water between Riverside Narrows and Rincon 



Total return water above Rincon. 



»>i:« 

75 
61 



SJ74 



«'145 
53 



2U0 



•MeR«uromont«=» made Ix^twoon AujfUHt 27 and September 9. 
*• Riverside Water Comiiany's lower canal not in<>iaded. 
Note.— One second-foot e(iuaLs W California miners* inches. 

From the foregoing tiible it will b:* seen that in June, 1898, there 
were 173 second-feet, or 8,650 miners' inches, and about September 1 
180 second-feet more water seeping into the channels of Santa Ana River 
in the central portion of the valley than there was entering the valley 
from the mountain drainage basin. *^ The amount of water rising in 
the central portion of the valley was about three times the amount 



« For details set^ page 47, Part I. 
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that was being famished from the mountain streams. During the 
winkT season the mountain streams are much larger in volume. In 
the ease of San Gabriel River, in June, 1898, there was a total of 16 
second-feet of water entering from mountain drainage basins above 
Puente, and 02 second-feet were found flowing in The Narrows, where 
San Gabriel River cuts through the same secondary coast range that 
the Santa Ana encounters at Rincon. A similar condition exists 
opposite Tropico, on I^is Angeles River, where in June, 1898, there 
were <>8 second-feet of water flowing and no water entering from the 
surrounding mountain drainage basins. 

The amount of water which returns from irrigation into the channel 
of the Santa Ana below the lands irrigated is known to be large. 
According to tables which have lieen prepared by Prof. L. G. Carpen- 
ter, in charge of the Colorado experiment station at Fort Collins, 
Colo., the velocities of underground water are found to be less than 
1 mile a year under ordinary conditions. It will therefore require a 
number of years for return irrigation water which, for instance, is 
used in the neighborhood of Rialto or Riverside to reach the channel 
of Santa Ana River. During the summer of 1899 Mr. Cyrus C. Babb, 
a hydrographer from the United States Greological Survey, made a 
determination of the amount of water returning from irrigation in the 
Solomonsville Valley, on Gila River, Arizona, and found that a volume 
equaling 64 per cent of the amount which was being used for irriga- 
tion at that time was returning to the stream; in the neighborhooil of 
Phoenix the amount returning was found, in a similar manner, to be 
40 per cent. In Ogden Valley, Utah, on Ogden River, Prof. Samuel 
Fortier determined, as the result of thirteen measurements made in the 
summer of 1894, that while the inflow into the valley was 98.9 second- 
feet the amount used for irrigation was 76.3 second-feet and the out- 
flow was 115.9 second-feet, showing a greater amount returning than 
was l>eing used at that time for irrigation. This was doubtless due 
to the fact that greater quantities of water were used for irrigation in 
the spring than during the summer months. In Colorado, on Cache la 
Poudre River, Professor Carpenter, as a result of extensive measure- 
ments and exi)eriments, has drawn the following general conclusions: 

(1) There is a real increase in the volume of the streams as they pass through 
the irrigated sections. 

(2) The inflow is practically the same throughout the year. It is greater in 
Slimmer and less in winter, jirincipally because of the effect of the temperature 
on the soil. 

(8) The passage of the seepage water through the soil is very slow, so that it 
may tiike years for the seepage from the outlying lands to reach the river. 

(4) The seepage water is already an important agricultural factor of the State. 
The capitjil value of the water thus received in the valley of the Cache la Poudre 
alone is not less than $;^0(),0(K), perhaps $500,000, and for the Platte it is from 
$2,000,000 to $Ji,0(X),000. It is large for the other streams, but of unknown amoant. 

(5) Ultimately the returns from seepage will make the lower portions of such 
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niDeys as the Platte more certain of water and will probably permit a larger 
acreage to be grown. 

(6) The -resnlts here shown may be expected to apply, with limitations, to other 
TaDeys similarly situated, where irrigation is as copions, crops the same in char- 
acter, and the snbsoil and rock strata similar and at approximately the same incli- 
nation. Where the soil is less porons a greater time mnst eluyee for the water to 
percolate. 

At Rincoii there is a flat of approximately 4 square miles area imme- 
diately above the canyon, which is believed to contain gravel and sand 
to depths of at least 50 or 60 feet, below which alternate layers of clay 
and gravel are believed to exist. Approximately one-third of this 
area lies on the south or left bank of the river and the remaining two- 
thirds on the north bank. 

Numerous measurements have been made from the Riverside Nar- 
rows through to Olive, and the maximum volume of water that occurs 
at any point in the river is believed to be at the wagon-road crossing 
of the stream near Rincon. 

In the following table is given a series of measurements made by 
the United States Geological Survey approximately 1 mile below the 
railroad bridge crossing Santa Ana River below Rincon, the measure- 
ments having been made at that point until September 29, 1899, since 
which date they have been made at the wagon bridge. On Septem- 
ber 13, 1899, it was found that when there were 74.38 second-feet of 
water at the Geological Survey gaging station there were 76. Gl second- 
feet of water at the wagon bridge, or 2.23 feet more water at the wagon 
bridge than at the Geological Survey station. The wagon bridge 
being the point of maximum flow, subsequent measurement-s were 
made there. 

Discharge measurements of Santa Ana River and canal near Rincon, iH'lmv the 

mouth of China Creek, 



Date. 



1896. 



JniieSl. 



1889. 

January 3 

Jannaryld 

January 28 

PBbraaryL5... 

March 4 

March 18 

AprU6 

AprillS 

May2 

May 16 

Junes 

Jane 16 

Jnly4 

July 18 

Angiut 1 

Angiut 15 

An^nist 80 

September 13. 
September 29. 



Hydrographer. 



F. H. Omatod 



8.O. Bennott. 

P.Rolfo 

do 



.....do 

do 

do 

do 

do 

do 

do 

do 

S.G. Bennett... 

F.Rolfe 

do 

do 

do 

S.G. Bennett... 
J. B. Lippincott 
F.Rolfe 



Discharf^t 
of rivor. 



Sec.-ft. 
79.81 



200. 4() 

2H1.M) 

21H.0I) 

181. IW 

lUH.fX) 

199.89 

172. 2:^ 

101.10 

1U0.34 

100.36 

110.27 

87.89 

68.89 

64.13 

57.82 

64.71 

65.90 

72. ra 

8:182 



Diwhargt* Total dl»- 
of canal, i ohan^. 



Sec.ft. 
3.18 



2.:i» 

O.U) 
6.50 
1.75 
0.00 
0.00 
0.(1) 
2.75 
2.45 
3.95 
3.18 
1.65 
2.42 
1.54 
3.44 
3.16 
2.00 
1.65 
0.00 



St'c.-/t. 
82.99 



211.70 

2:n.9() 

222. 5() 

182. 75 

108.60 

199.89 

172. 2:^ 

1(«.85 

102.79 

104.31 

113.45 

89.54 

71.31 

65.67 

61.26 

67.87 

67.90 

74.38 

83.82 
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lH9charff€ meatnirenienU of Santa Ana River at wagon bridge above the mouth of 

Chino Creek. 



D»t4>. 



1H08. 
CX't4»»»r»- 
<X-tol)er:». 



Hydro^rapher. 



J.B.Lippincritt. 
do 



River. 



Ser.-/t. 
131. » 
148.58 



Chino 
Croek. 



HpringM. 



H«c.ft. 
14.60 
U.ftt 



I 



Srr./t. 
0.50 
U.SO 



Total 

dis- 

chaTig«. 



Sec./t. 
146.^ 
161.55 



Discharge measurements of Santa Ana River at Riverside Narrows, below all River- 
side diversions and north of Arlington Heights. 



D»te. 



188R. 
June a).... 
AuinutS). 



1(«0. 

July 17 

September 12 



Hydirograpber. 



F.H. Olmsted 
do 



F.Rolfe 

J. B. Lippincott 



Diacharge. 



Sec.'ft. 
47.68 
».fl6 



81.70 
39. 6B 



For the i)iiri)08e of comparison four measurements of the amounts 
of water flowing at Rincon and at the division box of the Santa Ana 
and Anaheim irrigation companies were made on the same dates, 
with the results shown in the following table: 

DiscJiorge measurements of Santa Ana River. 



Date. 



Hydrograpber. 



Juno 21 F.H.Olmsted... 

1899. 

AujniHtaii ' S.G.Bennett-.. 

September 13 J. B. Lippincott 

October 25 do 



U.8.O.8. 

gaining 

station 

below 

Rinoon. 



Sec.'ft. 
TO. 81 



Total diHchar^r^ 



65.90 

72.73 

146.84 



864.78 



Division 
box of 
Santa Ana 
and Ana- 
heim irri- 
gation 
compa- 
nies. 



Sec./t. 
67.47 



50. «e 

71.68 

144.72 



343.49 



• Measured at Rincon wagon bridge. 



At the time of the firat three measurements there was flowing in a 
dit<;h on the left bank of the river opposite the gaging station 3.18, 
2, and l.()5 second-feet of wat-er, respectively, which is not included 
in the totals given in the foregoing table. If included it would show 
a still greater quantity of water at Rincon. The average of the 
measurements indicates the presence of 5.32 second-feet (260 miners' 
inches) more water at Rincon than at the division box. If the 
greater amount of water found at the Rincon wagon bridge, as com- 
pared with that at the original gaging station, is considered, as well 
as the diversions of the ditch on the left bank opposite the original 
gaging HUitlon, then it is shown by these measurements that there is 



uwwooTT.J LOWER SAN BKBNABDINO VALLEY. Ill 

A loss of fully 8 second-feet between the Kineon wagon bridge and the 
division box of the Santa Ana and Anaheim water companies. On 
September 13, 1899, there were at the Kineon bridge 76.61 second-feet 
of water, while in the two canals of the Santa Ana and Anaheim com- 
panies, at a point opposite Esperanza Siding and above all irrigation 
from either canal, there were only 58.68 second-feet of water, showing 
a loss of 17.93 second-feet (896 miners' inches) between those points. 
On October 26, 1899, there were 161.55 second-feet of water at the 
Riiicon bridge and 122.37 second-feet in the canals and river oppo- 
site Esperanza, the total amount in the canals being 73.21 second- 
feet. This shows a loss of 39.18 second-feet (1,959 miners' inches). 
These measurements are not given as absolute, but they were the best 
possible determinations under existing conditions. The fact that a 
lo68 is shown by each of the observers mentioned is considered evi- 
dence that a loss exists and that it is large. Additional measurements 
are desirable in order to determine more definitely the amount of this 
loss. 

An examination of the wells in the vicinity of Rincon was made in 
connection with the investigation. Ah a result it is believe<l that a 
bed of gravel, cobble, and sand 40 feet deep exists on the south, side 
of the river, that it is porous and filled with water, and that develop- 
ment works of proper size and form could obtain from it a large 
supply. From the Aubumdale bridge to the Rincon bridge the river 
gains 12.75 second-feet of water, as indicated by the measurements 
of September, 1899, Chino Creek not being considered. An examina- 
tion of the records of wells north of the river indicates that a blanket 
of clay slopes from the neighborhood of Chino toward the south. 
Artesian wells occur in the neighborhood of Chino, and flowing water 
is obtained as far south as the Pioneer sehoolhouse, which is approxi- 
mately 3 miles north of the land referred to. In a well on the property 
of Mr. Durkee, approximately 1 mile north of this land, a blanket of 
hard clay 20 feet thick was encountered at a depth of 47.5 feet from 
the surface of the ground. Beneath this was coarse gravel. The 
water in this well rose to within a few feet of the surface of the ground. 
The well furnishes a supply which has never been exhausted by the 
demandjB upon it. 

Mr. Durkee states that similar conditions were encountered at the 
sehoolhouse well. From the Auburndale bridge to Chino Creek 
springs are found on both sides of the valley. The evidence obtained 
from the wells indicates that a blanket of clay may be found in the 
gravel beds near Rincon. If this layer of clay exists, beneath it will 
be found large bodies of wat<^r, which can l>e pumped extensively if 
they do not flow naturally, and the water supply be increase<l thereby. 
The only evidence to the contrary that was found was at the pipe 
works, approximately 3 miles southeast of Rincon, where indefinite 
information was obtained that two wells have been put down, one 500 
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and the other (jOO fc^t in depth, through sandstone, bowlders, and 
gravel, without encountering a layer of clay. The wat^r in these 
wells, however, rose to within 35 feet of the surface, and the supply 
has been found sufficient to meet all demands upon it. The elevation 
of these wells at the surface of the ground is approximately 100 feet 
above the river at Kincon. At the foot of the small mesa which imme- 
diately joins the town on the south shallow wells have been put down 
to a depth of 25 or more feet, from which flowing water has been 
obtained. 

If development works can be located which will permit the lowering 
of the water plane 21 feet beneath the surface of the ground, where 
it now stands, over an area of 1,000 acres, sufficient water could be 
obtained to furnish 1,000 miners' inches for a period of six months. 
It has previously been shown that there enters the river naturally from 
the eastern end of the valley to the Rincon bridge, inclusive of Chino 
Creek, approximately 700 miners' inches. This increase indicates a 
supply which is constantly approaching these lands and which should 
be an addition to the storage capacity of the gravel mentioned. It is 
believed, therefore, that from 1,500 to 2,000 miners' inches of water 
could be obtained if development works were constructed which would 
permit the lowering of this water plane each season 21 feet over an 
area of 1 ,000 acres. In a gravel bed west of Burbank the West Los 
Angeles Water Company has constructed a cut approximately 3,(X)0 
feet in length, which varies in depth from nothing to about 25 feet, and 
which is now delivering, at the end of the drought of IIKX), in the neigh- 
borhood of 300 miners' inches of water in a locality which is not so 
favorably situate for the purposes of developing water as are the 
lands referred to. The works of the West Los Angeles Water Com- 
pany consist of an open cut in which is placed a wooden flume with 
sides and t<ip but without bottom. The water enters the flume prin- 
cipally through the bottom. These development works have l>een in 
operation since the fall of 1895 and have maintained a continuous 
discharge of water, although the water plane of San Fernando Valley 
has been steadily falling. 

The Crystal Springs Water Company has laid approximately 2,(HX) 
feet of sower pipe, with open joints, in the sandy bed of Los Angeles 
River in the narrows west of Verdugo. There are four pipes, laid in 
two cuts, which are collecting from 400 to 500 miners' inches of water 
from the river l>ottoms. 

Hroadly speaking, the method of procedure should be to divert the 
entire flow of Santa Ana River near the Auburndale bridge at the 
beginning of the imgation season, say the first of May, and Q^vry it 
in a lined conduit to a point west of Rincon where a drop could be 
obtained which would produce a substantial water power. The water 
stored in the gravel beds should then be drawn down by means of 
pumps operated by this power. At the end of the irrigation season 
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the pumps could be stopped and the water be returned to the natural 
' bed of the river between the Auburndale bridjje and Rincon during 
the season of the year when the supply is large and when the los8 to 
the river in recharging these beds, in addition to the natural inflow 
of water returning from irrigation, would not l>e felt. In this manner 
the storage capacity of the gravel beds would be available the follow- 
ing spring, when the water plane could again be drawn down. Any 
aitesian water that might be found would be in addition to the water 
obtained from the pumps. 

Summarizing, the following conclusions have l>een reached : 

(1) That a large percentage of water used for irrigation returns to 
the channels of the streams, the amount being greater where the soil 
is porous and the slopes are steep, lx)th of which conditions exist in 
San Bernardino Valley. 

(2) That the movement of the water through the soil is exceedingly 
slow, and that while the increase due to irrigation is now felt at Rin- 
con the volume of return water from irrigation will increase in the 
future and will be a permanent source of supply. 

(3) Water of this character is now making its appearance on the 
lands near Rincon. This is indicated by the fact that although we 
are now practically at the end of a nine-years' drought the water 
plane of these lands has steadily risen, until orchards, vineyards, and 
alfalfa fields which are said to have previously flourished have been 
drowned. Around Riverside alone 5,000 miners' inches (100 second- 
feet) of water are now being used for irrigation. 

(4) It is impossible to determine accurately the amount of water that 
could be gathered. It is believed, however, that about 2,000 miners' 
inches or more could be obtained by pumping. This amount would 
be independent of any supply which would be obtained from artesian 
wells. 

(5) That the stream measurements show a loss between Rincon and 
the head of the Santa Ana canal near Esperanza of about 8(X) miners' 
inches, which might be saved by a lined conduit extending down the 
canyon about 7.4 miles. 

WEIiliS IN REDIjAXDS and SAN BERNARDINO QUAD- 

RANGIjES. 

All of the wells in the Redlands and San Bernardino quadrangles, 
irrespective of size or producing capacity, were visited by representa- 
tives of the Geological Survey during the summer of 1900. There 
were 412 wells in the Redlands quadrangle, which were in8i)octed by 
Mr. Louis Mesmer, of Los Angeles, and 478 wells in the San Bernar- 
dino quadrangle, which were inspectiHl by Mr. C. J. Roney, of the same 
city. The results of the o])servations were described with considerable 
detail in the field record books, but have been condensed for publi- 
cation in this report and are given in the following tables. The 
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MANUFACTURE OF PORTIM.ND CEMENT IN SOUTHERN 

CALIFORNIA. 

All importunt eloment in the development of an irrigation commu- 
nity is the cost and use of hydraulic cement. Prior to 1803 all of the 
cement used in southern California came from Europe. This meant 
a serious financial drain on this section, and tlie building of a cement- 
manufacturing plant near Colton which reduced the cost of Portland 
cement 25 per cent and also kept the remaining 75 per cent at home 
was tlierefore an important event in irrigation development as well as 
building. 

The plant of the California Portland Cement Company' is three- 
fourths of a mile from the town of Colton. The company manufac- 
tures Portland cement, lime, marble dust, and crushed rock. It 
employs 70 men, and the capacity of the plant is 300 barrels of cement 
or 500 barrels of lime daily and an unlimited output of crushed rock. 
This Portland cement has been extensively used in the various irri- 
gation and hydraulic-power systems of southern California, and has 
been pronounced by engineers to be equal to imported cement, while 
it is sold at a much lower price than the foreign article. C. W. Smith, 
of Pasadena, is now the president of the comx)any and E. Duryee is 
the chemist. 

Probably few, even in the engineering profession, would be inclined 

to credit the statement, which nevertheless can be corroborated by 

United States Government reports, that 75 per cent of the Portland 

Cement consumed in the United States during 1900 was manufactured 

in tliis country. The only Portland-cement plant on the Pacific coast, 

however, is the one at Colton, where rotary kilns are in operation. 

At the outset the Colton company employed an expert to investigate 

the cement works in the East, of which there are many, and they 

*uloptod, as the result of his investigations, what they believe to be 

the best process. The plant is continuous and largely automatic in 

operation, machinery being employed to such an extent that 3 barrels 

of cement per day are obtained for each man employed, as contrasted 

with 1 barrel per day per man, the ordinary output in European works. 

The process is protected by letters patent and is American in every 

respect. The works are very favorably located, being in the center of 

the semitropical fruit Ix^lt of southern California and contiguous to most 

of the extensive irrigation and hydraulic-power plants of that section, 

thus insuring an increasing market forthe product in the future. In the 

rear of the mill towers Slover Mountain, with its inexhaustible deposit 

of pure calcspar and two clay deposits at short distances, which pro- 

. vide abundant crude materials. Tlie company is fortunate in having 

available limestone almost chemically pure and a clay peculiarly 

adapted to the manufacture of the cement, while the Los Angeles 

petroleum provides a cheap and excellent fuel. These advantages 
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enable the company to manufacture its product at a minimum cost and 
to place it on the market for about three- fourths the price of foreign 
cements. The mixing, grinding, and burning of the crude materials 
is carried on under the constant direction and analysis of a chemist 
whose lalx)rator\' is at the works. The crude materials are first 
crushed and mixed by weight, then ground to an impalpably fine 
powder, then fed continuously at the rate of 3 tons hourly into a 
rotary kiln 75 feet long, in which they remain one and three-fourths 
hours. The low heat of the upper end of the kiln drives oflf the mois- 
ture from the raw mixture; the low red heat of the middle part decar- 
bonizes the limestone; and the high heat of the lower end causes the 
caustic lime alumina and silica to unite and form Portland cement 
clinker — little nodules the size of beans and walnuts. After leaving 
the kiln the clinker is cooleil and ground into the finished product. 
The materials enter the kiln as a mechanical mixture of limestone and 
clay and come from it a chemical comi)ound of definite formulae. 

The character of the Colton cement is the same as that of all Port- 
land cements. Analyzed it approximates some of the leading foreign 
brands, while the physical tests have generally shown it to be 8Ui)erior 
to the foreign brands in the local market l)oth in the fineness of the 
powder and in its tensile strength. 

Analyses of Portland cements. 



Constituent. 



8ilica(8iOo) 

Alumina ( AM )») 

Ferric oxide (FojOa). 

Masrneoia (Mf^O) 

Lime(CaO) 

Sulphuric acid ( 8O3 ) 

Alkalies 

Moisture and carbonic a<'id 

Total 



Colton, I Wbito | Alsens, 
American I Bros.. Eng-: German 



(E. Dur- 
yeti. ana- 
lyst). 



liah (E. 

Duryee, 

analyst). 



(W. Mac- 
Clay, ana- 
lyst). 



/Vr cent. Per cent. FVr tent. 



28.060 
9.810 
3.000 
0.900 

B1.512 
1.200 
1.761 



23.567 
lO.CBO 
3.080 
1.067 
.59. ax) 
1.400 
2.100 



) 



90.H33 



100.234 



24.90 

11.22 

0.38 

59. 9K 

0.86 

o.a) 

2.16 
1(10. <» 



The following table comprises data from the report of Mr. J. W. 
Robinette, C. E., the cement tester, who sampled and tested 4,000 bar- 
rels of the product purchased by the San Gabriel Electric Company: 

Results of tests of Colton Portland cement. 



Len^ftb of time. 



Iday.. 
7 days. 
28dayH 



Numljer 
of test.s. 



Averaiift* 

tensile 

.strengrth. 



Pounds. 
255 129 

510 610 



481 



607 



Fineness, ^J^™r 
passed. ' ^^*''**' 



barrels. 



Mesh. ; Percent. 
2,500 99.64 



8,100 
144,000 



95.33 
93.25? 
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The extreme care taken to insure a good and uniform cement may 
be inferred from the faet that the raw mixture is every half hour sub- 
jecterl to chemical tests for the determination of the percentage of 
lime, which element is not permitted to vary either way more than 
1 per cent from the standai*d. The mixturt^ is ground so fine that 
only one-third of 1 per cent remains on a 5()-mesh screen, 5 jx^r 
cent on a 90-mesh screen, and 7 per cent tm a 12()-mesli screen. 
After it has been burned the clinker is spread in layers on a cooling 
and mixing floor, and the accumulated burn of several days is thor- 
oughly mixed before it is ground. After the cement has been ground 
and again mixed in conveyers and elevators it is put into sacks 
holding 95 pounds each. A sample is taken from every tenth sack 
and numbered. These samples are tested, a record of the tests Ix^ng 
kept and embo4ied in the reports which are mailed to th<^ purchasers. 
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